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•CHAPTER III. 

SUPPLY OF WATER TO TOWNS. 



QUALITY OF SUPPLY. 

185. The questions which require to be considered 
before deciding upon the source and the means of 
supply of water to towns, are those connected with the 
qualities of the water itself, in the first instance ; and 
in the second, those connected with the physical con- 
ditions (as regards level and distance), of the source 
to be resorted to, and of the town to be supplied. All 
waters, it is well knowA,^ w^o not equally adapted for 
domestic use ; anclywpse which are so adapted are 
rarely found in the/lbcalities where they are to be 
used; so that in almost all cases it is necessary, either 
to bring the supply from a distance, or to raise the 
waters above their natural level. 

186. Of late years a great deal of discussion has 
taken place with respect to the precise qualities required 
in the waters selected for town supply, and the late 
General Board of Health especially endeavoured to 
establish some rather exclusive dogmas on the subject. 
The discussions have borne principally upon the so- 
called hardness, and the softness, of the waters ; and 
the authorities last named pronounced themselves very 
decidedly in favour of the latter quality. But in this 
case, as in most other instances, there is far too much 
uncertainty with respect to the real action of the agents 
under consideration to warrant the assertion of 8jr^ 
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absolute law; and the choice of a source of water 
^supply must be greatly affected by the local conditions 
of economy or expediency. Unquestionably the exces- 
sive hardness of the water it furnishes may be a valid 
objection to a particular source, especially when that 
hardness is permanent in its character : but some of the 
chemical combinations which produce the hardness of 
waters^ if they only act within certain limits, are stated 
by the most eminent pathological writers to render the 
waters wherein they prevail more fitted for human con- 
sumption than others wherein they are deficient. Soft 
waters, again, are unquestionably more pleasant and 
agreeable for domestic use than hard waters ; but their 
very softness may be owing to the presence of ingredi- 
ents able to affect, slowly but surely, the physical orga- 
nisation of those constantly using them ; whilst it is 
tolerably well ascertained that there is great danger to 
be apprehended from the action of the soft waters on 
some of the materials used for their distribution. At all 
times habit modifies the action of particular waters on 
the human frame ; and it is notorious that people who 
are accustomed to any one (whether it be soft, like the 
waters flowing from the primary rocks ; or hard, like 
those which have been affected by flowing from the 
carbonates or sulphates of lime), are always seriously 
affected when they begin to use another water, even 
though it may be of a superior quality to the one they had 
previously been accustomed to. Still there are waters, 
such as those found in countries wherein the soil is com- 
posed of the magnesian rocks, or contains the salts of 
magnesia or of sulphate of lime, which develope in so 
marked a manner the loathsome disease known by the 
name of Goitre, that it must be regretted that so much un- 
certainty should still be allowed to prevail on the whole 
subject of the indispensable qualities oi «ii ^^t«t to-^^s^y* 
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187. Perhaps the most satisfactory exposition of the 
qualities so required is the one given in the ** Annuaire 
des eaux de la France," as follows : "A water may be 
considered to be good, and suitable for drinking, when 
it is fresh, limpid, and without smell ; when its flavour 
is hardly perceptif)le, and it is neither disagreeable, 
flat, brackish, or sweet: when it contains but little 
foreign matter, contains a sufficient quantity of air in 
dissolution, dissolves soap without leaving curds, and 
cooks vegetables easily." A small proportion of car- 
bonic acid gas gives a slight flavour to a water, and 
renders it more agreeable to the palate, at the same 
time that it facilitates the action of the digestive organs 
by slightly exciting them. The presence of this gas 
in a water, even in a small quantity, must be considered 
useful. All authors, moreover, admit that water of 
good quality ought to contain air in solution ; some 
persons have asserted that it is principally on account 
of the oxygen thus introduced that the aerated waters 
are so superior in their quality, and they even attri- 
bute the occurrence of certain endemic diseases in the 
mountainous districts to the absence of oxygen from 
the snow-waters there consumed. 

188. " With a few exceptions, the waters which hold 
in solution a notable proportion of organic matters 
putrify rapidly, and acquire injurious properties. It 
has been proved that diarrhoea, dysenteries, and other 
acute or chronic diseases, have been determined ende* 
mically by the long continued use of the water of 
ponds, marshes, or wells containing excessive propor- 
tions of altered organic matters, either in suspension 
or in dissolution." The investigations of some English 
pathologists into the effects of certain well waters upon 
the health of the population u^iii^ t\!ka\CL, \si52Pt<6 Hisisssj^ 
conSna the theoretical oipinioix ^Jom^^ €x.^x^'?ij5.^^>s^ *^:^k^ 
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French chemists jfrom whom we have quoted j and 
there can no longer be any reason for the semi-hesita- 
tion with which the latter authorities assert the prin- 
ciple that "the smaller the proportion of organic 
matter contained in a water, the better it is." But 
with regard to effect of other fixed bodies, it is not 
possible to speak with similar certainty; for whilst 
some authors contend that air and carbonic acid are 
the only foreign matters which ought to be present in 
a drinking water, other authors contend that certain 
matters, in small proportions, are necessary to com- 
municate to it a pleasant flavour, even if they be not 
necessary for its wholesomeness. Thus the bicar- 
bonate of lime, when it does not exceed the proportion 
of 1 in 2000, is considered by M. Dupasquier, the able 
physician of the Hospital of Lyon, to be positively 
advantageous to the quality of a water for domestic 
purposes ; but the salts of magnesia are at the present 
day considered to have a very injurious action upon 
the populations consuming the waters charged with 
them. The sulphate of lime, moreover, does not, in 
the process of assimilation, produce any of the impor- 
tant and desirable changes which the bicarbonate of 
the same base is considered to do ; and the sulphate 
has the additional inconvenience of being easDy decom- 
posable under the influence of organic matter, when it 
gives rise to the production of sulphuretted hydrogen, 
one of the most objectionable gases to be found in 
water. Sulphate of lime also, it must be observed, is 
not thrown down by boiling, so that the hardness 
it produces, is permanent; whereas when the bicar- 
bonate of lime is present, the effect of boiling is to 
disengage the second dose of carbonic acid, and thus 
to reduce the lime to the state of the insoluble car- 
bonate. This important fact with rea^^Gt to the action 
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of the bicarbonate of lime was in some unaccountable 
manner occasionally forgotten by the parties connected 
with the late General Board of Health; and they rea- 
soned about the loss of tea and of soap to the inhabi- 
tants of London, in consequence of the hardness of the 
Thames waters, utterly without reference to the change 
produced in them by boiling. 

189. " The nitrates," again to quote the " Annuaire 
des Eaux," " although they appear to be present in all 
natural waters, occur in quantities too small, in those 
habitually used, to allow any rigorous conclusions to 
be formed as to their favourable or unfavourable 
action." Modem English observers are, however, far 
from entertaining this species of indifference with 
respect to the action of this particular class of impuri- 
ties ; and indeed as the nitrates in water are derived 
for the most part from the decomposition of organic 
matters, there is strong primd facie reason for objecting 
to their presence. The waters derived from shallow 
wells, especially in large towns such as London, Paris, 
or Manchester, are often highly charged with the 
nitrates ; and some persons even go so far as to assert 
that those waters are, on that account, unfit for domestic 
use. In all probability there is exaggeration in the 
absolute condemnation of sources of supply thus 
affected; and it is notorious that people have con- 
sumed, uninjured^ for yeara the well-waters it is now 
the fashion to decry. Nevertheless, the facts recorded 
by Dr. Snow, with respect to the influence of certain 
wells in London upon the diffusion of cholera, as well 
as those recorded by Drs. Letheby and Thompson, 
are such as to warrant us in assuming for the present, 
that whenever the nitrates are to be found in propor- 
tions susceptible of being num^rvc^H:^ ^Ha^^^^ *^^ 
waters containing tlieia ate \iat9X^ tXKfc^ ^^^ ^^^ss^^'^q^^ 
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consumptioii. It happens also that the majority of the 
well-waters containing the nitrates are extremely hard, 
and that they do not lose that character even by boiling. 
The presence of the nitrate of lime in the London 
wells may perhaps be the explanation of the existence 
of a peculiar fresh water alga to be found in them in 
great abundance. 

190. It is considered by the authors of the " Annuaire 
des Eaux/' that the small quantity of the chloride of 
sodium to be discovered in the waters habitually used 
for domestic service is rather advantageous than other* 
wise. *' But it is important to remark that the chlo- 
rideSy in dissolution in waters, appear to be constantly 
accompanied by the iodides and the bromides ; and the 
recent investigations which show that certain plants 
which grow in fresh water possess the faculty of assi- 
milating those salts, prove that the latter are almost 
always present. As the latter salts when administered 
daily, even in very small quantities, are able to produce 
upon the human frame an effect, which from numerous 
observations we are entitled to consider as of great 
importance, it becomes essential to ascertain in the 
most rigorous manner the proportions of the chlorides, 
iodides, and bromides in a water designed for drinking 
purposes. It is worthy of more than a cursory remark 
that people suffering under the goitre produced by the 
habitual use of waters containing magnesian salts, are 
sensibly relieved by the substitution for them of the 
waters containing salts of iodine." 

191. The physical character of a source of water 
supply may influence its quality for human consump- 
tion in otherwise than in its appreciable chemical con- 
stitution. Thus, the waters which are kept in a state 
of motion may part with many of their noxious proper- 

^es, and they may acquire the aetalioii oi '^^ivcSi \S\fc^ 
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would have been deficient if they were taken immedi- 
ately from their original source. In the case of tiie 
water from the chalk formation, for instance, a consi- 
derable proportion of the bicarbonate of lime contamed 
in the water rising from the natural springs is parted 
with by a prolonged contact with the atmosphere ; and 
even a cursory inspection of the mills and their races, 
upon the banks of the river Lea, must convince any 
one that, if the presence of salts of lime be an objec- 
tion, the maxim it was once proposed to establish, 
namely, that "the nearer the source the better the 
supply," could not be invariably true. Spring water 
is, indeed, popularly considered to be the most fitted 
for human consumption ; but most scientific observers 
prefer river waters, provided they run over rocky or 
clean sandy beds, and do not receive the organised 
matters draining from the lands they traverse, It is 
dangerous to lay down any unvarying or absolute rule 
in these matters ; and in every case it is necessary not 
only to observe the chemical composition of the waters 
it is proposed to use, but also to observe their patho- 
logical effects upon the populations resorting to them. 
The human constitution is a reagent far more delicate 
than any of those which may be used in the laboratory; 
and its indications ought to be studied with even more 
attention than the rude approximations of analytical 
chemistry. If, however, it be desired to establish a 
safe general rule, there certainly appears to be less 
danger in adopting the one that river waters are pre- 
ferable, for town supplies especially, than those ob- 
tained from wells. In the majority of cases spring 
waters, like those of the valley of the Lea above quoted, 
are improved in quality by exposure to the air, if they, 
at the same time, flow with considerable vel<^<^\^. 
They thus part with any exa'^^^ ol ^^^cks^r.^ ^^ 
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sulphuric acid gases they, may originally contain ; they 
deposit part of the eurthy bases they may hold in 
solution ; they absorb oxygen ; and if the spring waters 
in their course should meet with other springs, charged 
with ingredients different from their own, a double 
decomposition may take place, and the respective waters 
may be purified. It does not appear, however, that 
mechanical agitation or exposure to the atmosphere 
produces any effect upon the sulphate of lime, or the 
chloride of calcium and magnesium, contained in spring 
water. 

19S. The deposition of the earthy salts contained 
in spring waters takes place in a very striking manner 
in the pipes and channels in which it is conveyed ; and 
it is on this account that it becomes especially neces- 
sary to guard against any such inconvenience in the 
execution of works for a town supply. In many cases 
this action is carried to such an extent as materially 
to diminish the available sectional area of the conduits, 
or even to render necessary the adoption of works of a 
very costly nature. For instance, in the aqueduct 
passing over the Font du Gard the original sectional 
area has been contracted by the deposition of the car- 
bonate of lime, and in many instances in our own 
country the same effect has been produced by that salt ; 
whilst in others, as in parts of Yorkshire, where the 
waters contain in large proportions the hydrous oxide 
of iron, the interior capacity of closed tubular conduits 
is diminished, by a deposit of that material, with re- 
markable rapidity. Waters of either of these descrip- 
tions would evidently be improved by a lengthened 
course over a clear rocky bed; but it must always be 
a matter of even greater importance than the avoidance 
of the deposition of the salts that all possible chances 
of contammation from vegetable or oivimsl Txi«.tter 
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should be obviated^ and that the atmosphere with which 
the waters are in contact should be pure. One of the 
most striking illustrations of the outlay it is at times 
necessary to incur in order to avoid any danger from 
the diminution of the sectional area of a conduit by 
deposition of the impurities contained in the waters, is 
to be found in the great aqueduct bridge of Roque- 
favour. This gigantic work was undertaken principally 
because it was feared that any reversed syphons, which 
might otherwise have been employed, would have been 
rapidly choked by the impurities thrown down from the 
waters of the Durance. 

193. The waters obtained from wells, particularly 
when they are only raised in small quantities, are liable 
to become stagnant, and deficient in aeration; but the 
most dangerous effects produced upon stagnant waters 
are those observable in ponds, or small open reservoirs, 
or again in the waters of marshy or fenny districts. 
In all these cases the decomposition of the vegetable 
and. animal matters, which are infallibly introduced, 
saturates the water with very objectionable gases, and 
communicates to. it very repulsive and dangerous 
properties ; nor can there be any reason to doubt the 
correctness of the popular opinion which attributes the 
occurrence of typhoid fevers, in the districts situated 
upon elevated plateaus of permeable rocks, to the use 
of pond waters ; or of some forms of agues or marsh 
fevers to the use of the impure waters furnished by 
those localities. If, however, it be absolutely necessary 
to use stagnant waters, they may be improved by ebul- 
lition, and by a subsequent filtration through animal 
charcoal; whilst air should be introduced after filtra- 
tion by allowing the water to fall from a height, or by 
a simple exposure to the atmosphere. Habich states 
that stagnant waters may be "exmSL^SL V3 Td\3b2Di%^'^>is^ 
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ihem a oompound of 1 part of quick lime and 2 of 
alum, or of 4 of animal charcoal and 1 of alum, in the 
proportion of one of the compound to 1000 of the water 
in volume ; this compound should be left in contact 
with the water for several hours, and it is said thai it 
is preferable to leave the charcoal in contact with the 
water for a longer period than is required for the alum. 
The EngUsh engineer officers have frequently found 
great benefit from the use of alum alone, when it has 
been necessary to employ waters containing much 
alluvial matter in suspension ; but there seems to be 
little reason for thus replacing the hydrate of lime, 
generally used for the purpose of precipitating this 
class of impurities, by the more cosdy material, alum. 
Latterly, Mr. T. Spencer, of London and Liverpool, it 
may be added, has patented a process for the filtration 
of water containing deleterious gases, or tinged by 
organic colours, through sand intermixed with oxide 
of iron, of which a full description will be found in the 
Journal of Gas Lighting, and Water Supply, vol. vii. 
No. 137, p. 22, This process was said to be especially 
applicable in the case of peat waters. 

194. The waters of large lakes are usually of a 
quality intermediate between those of rivers and of 
ponds ; but they must necessarily be exposed to acquire, 
in variable proportions, according to their dimensions, 
their exposure to the wind, and the nature of the rock 
on which they repose, the objectionable qualities of 
stagnant waters. In some cases, as in the great Swiss 
and Italian lakes, or in those of the mountainous 
regions of our own country, the waters are prevented 
from becoming stagnant by the passage of a great 
stream through them. But even in these cases it will 
almost always be found thisit the quality of the water 
OB the line of Bow will be superior to that of the water 
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in the body of the lake^ or, in fact, that the waters of 
the rivers traversing them are of a superior quality to 
their stagnant waters. 

195. These remarks upon the qualities of well, 
river, pond, and lake waters, have an important bearing 
upon the system of supply to towns, known under the 
name of the " gravitation system," which has been of 
late years largely applied in the north of England. 
In works of this description the rainfall from the upper 
districts of an elevated range of hills, is collected in 
reservoirs, in such a manner as to store the excess of 
the winter rains for distribution in the dry season, and 
in almost all cases the reservoirs are established on 
such levels as to allow of their feeding the supply pipes 
by natural gravitation, from whence the name of the 
system is derived. Evidently, in these cases, the 
reservoirs ought to be constructed of such dimensions 
as to yield the maximum quantity for distribution, pre- 
cisely at the season when there would be the minimum 
rainfall; but this very fact creates a danger for the 
stagnation of the water at ordinary seasons. The 
purity of the water must, however, under any circum- 
stances, depend greatly upon the nature of the ground 
upon which it is stored, upon the transverse sections of 
the reservoirs, and lastly upon their dimensions. Thus : 
if the ground should be of a nature to communicate 
any salts, to develope any vegetation, or to contami- 
nate the water by the decomposition of any vegetable 
or animal matters it may contain, the quality of the 
supply will be fatally affected. Again, it is desirable, 
as far as possible, to make the transverse sections of 
the reservoirs such that the lowering of the water line 
should not leave broad belts of moistened earth or of 
masonry exposed; it would indeed be preferable^thAc^- 
reticaUy, to make the Bidea oi wxOdl ^\«t^'5>,%^^^'^«s^'^'^^ 
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vertical. But even when every possible precaution has 
been employed in the construction of artificial reser- 
voirs, the waters stored in them for any length of time 
must become deoxygenated, and whatever chemical 
reactions may arise from the contact of the water with 
the ground, must have ample means of developing 
themselves. In many of our Eastern colonies the 
adoption of a modification of this system of storing the 
excess of winter i*ains is absolutely necessary, and the 
natives of those regions have, from the remotest 
antiquity, paid great attention to the construction of 
the ''tanks;" just as the inhabitants of Central 
America have attached importance to the construction 
of their aguadas, or water stores ; because no peren- 
nial springs, or constantiy running streams, are to be 
found in those countries. There may be, indeed, many 
occasions when it may be necessary to resort to the 
use of artificial reservoirs ; but, in England especially, 
it can only be on exceptional occasions that the system 
of storing the surplus rain, or surface waters, can be 
required to be appUed, nor should it, in fact, be 
resorted to, until every other available source of 
supply has been exhausted. Under any circumstances, 
the dimensions it will be necessary to give to the 
reservoirs, in order to obviate any danger from the 
decomposition of the waters, will always be a valid 
objection to their construction. It must, however, be 
understood that practical engineering is essentially the 
science of the adaptation of the means employed to the 
end desired ; and that it would be worse than absurd 
to attempt to lay down any invariable laws with respect 
to its application. Every individual case which arises 
should be judged, in fact, upon its own merits, and 
with due regard to its accidental conditions. 
196. As the waters impounded in the TOB^tvok^ of 
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gravitation works are particularly exposed to the action 
of the surface soils over which they flow, it is as essen- 
tial that the latter should not be of a quality to affect 
their purity, as it is that the ground upon which the 
water is stored should be insoluble. It is on this 
account that it becomes essential to avoid the collection 
of waters from " gathering grounds,*' as the contributing 
areas to such reservoirs are called, which are covered 
with peaty, or with agricultural, land. The former 
description of soils contribute not only vegetable organic 
impurities, but they also give rise to a very unpleasant 
colour; and this colour may often remain in the reser- 
voirs, or rather appear to be inherent in their waters, 
when in fact those waters are perfectly colourless, and 
the prevailing tinge is exclusively owing to the fine 
peaty mud deposited at the bottom. Lands, or soils, 
containing oxide * of iron in perceptible quantities are 
often as objectionable as peaty lands, on account of 
their influence upon the colour of the waters flowing 
from them, and also because the salts of iron those 
waters take up are objectionable in a domestic supply : 
but the most objectionable description of soil for the 
surface of gathering grounds is, without exception, an 
agricultural one, on account of both the organic and 
inorganic impurities it furnishes. Whenever, therefore, 
it is desired to form storeage reservoirs for a town 
supply, the gathering grounds composed of pure silicious 
sand, or of the insoluble primary or secondary rocks, 
must alone be resorted to. Fortunately rocks of these 
descriptions are constantly to be met with in the hilly 
districts which form the best gathering grounds. 

197. M. Dupasquier, from whom we have already 
quoted, s. 188, attaches very great importance to the 
temperature of drinkable water ; Mvd \v^ ^sye^^^ ^^v^-. 
as a iygienic principle, it is. fli^^a^Y^ Vc> ftxv:^s-"^'«ssa. 
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water in winter^ and cold water in summer. These 
conditions are of course the most certainly to be met 
with in deep spring, or deep well waters, for they are 
not subject to the variations of temperature of the 
atmosphere ; whilst river waters, and to a far greater 
extent, pond or reservoir waters, follow closely the 
changes of the mean temperature of their localities. 
In many cases, however, the temperature of river 
waters may be affected by conditions essentially dif- 
ferent from those affecting the atmosphere, as for 
instance, when they are fed by snow-clad mountains; 
for the melting of. the snow will lower the temperature 
of the waters, precisely when the air in the low-lands 
is the warmest. Under any circumstances, large sur- 
faces of standing water must be particularly liable to 
be affected by exposure to atmospheric changes ; and 
it should, therefore, be an object in their construction 
to place them in such expositions, and in such positions, 
as to reduce the action of those changes to a minimum. 
The susceptibility of water in large reservoirs to assume 
the temperature of the air must always be an objection 
to the introduction of a system of water supply dependent 
upon them. 

QUANTITY TO BE DISTRIBUTED. 

198. When the various questions connected with the 
quality of a water supply have been decided^ it becomes 
necessary to ascertain — 1^, the probable amount of 
consumption; and 8°, the certainty of being able to 
supply that consumption at all times. In far too 
many cases it may be observed that the calculations 
which are presented to bodies executing water-works 
are based upon average supplies, and average con- 
sumptions ; but it is essential to remark that the rat^ 
at which ike latter takes place is always tlx^ ^^^.t^^t at 
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the precise period when the former is the least. 
Instead, therefore, of calculating upon averages, it is 
advisable to reckon only upon the minimum known 
supply, and upon the maximum known demand, in the 
locality under consideration. And this observation 
applies with especial force to all '^ gravitation'* schemes; 
because, inasmuch as they depend upon the collection 
of the surplus rainfall of a district, and that surplus 
is notoriously liable to great variations, of a nature to 
affect during loiig periods the quantity of water it is 
able to contribute, a reliance upon an average, of either 
description, will be sure to lead to serious inconvenience 
during periods of long continued droughts. 

199. The consumption of water in a town varies 
greatly, on account of the difTerences of habits and of 
occupations amongst its inhabitants; and also upon 
what maybe styled the public taste with respect to the 
application of water. It is more than questionable 
whether, under normal circumstances, the real average 
consumption ever exceeds 6 gallons per individual per 
day, that is to say, for mere personal services; and 
this quantity may be increased to 10 gallons per head, 
to allow for washing and other household purposes. 
But as in all towns it is necessary to provide for muni- 
cipal services, and to supply water for trade purposes, 
it is usual to calculate upon introducing double the 
quantity thus indicated, or to assume that the con- 
sumption will take place at the rate of 20 gallons per 
head per day. So long as the old intermittent mode of 
supply to private houses remained in force, this mode 
of calculation was found to be sufficiently accurate; 
but of late years the system known under the name of 
the '* constant supply" has been introduced, imder the 
patronage of the Board of Health especially \ ^s^ ^^ 
almost eroyy case wherein tiasA. %^^\felaV%s^^i^««^^^'^'^^'* 
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the consomption has increased in a most rapid and 
alarming manner. In London itself, where the inter- 
mittent system, however, still prevails, the consumption 
at the present day can hardly be considered, to be less 
than 40 gallons per head per day; but, in some instances, 
where the constant supply has been given, the con- 
sumption has risen to 80, and even 100 gallons, per 
head per day. Of course this could not be the case if 
an enormous waste did not take place ; but the fact is, 
that not only is the real consumption of water in 
towns increasing in a very marked and serious manner, 
but that it will always be extremely difficult to control 
the application of an article which must be supplied 
under the peculiar conditions under which water is 
usually distributed. It would be out of place here to 
discuss who are the proper parties to be entrusted with 
the execution of a water supply to a town ; but it may 
be sufficient to state that when the supply remains in 
the hand^ of companies, it is possible, even under the 
constant delivery system, to keep the consumption of 
water within the limits of 20 gallons per head per day; 
whilst in nearly all cases wherein the supply has been 
effected by municipal bodies, the rate of Consumption 
has attained the higher limit of 40 gallons. Indeed, at 
the present day, it is hardly safe in England to calculate 
upon a lower average rate ; and as the great development 
lately given to the system of land drainage has materially 
diminished the quantity of water flowing in dry seasons 
in the majority of the natural water-courses, it has 
become almost a matter of national importance to check 
the profligate waste of water which seems to be gaining 
ground on all sides. 

200. It is so essential to the satisfactory working of 

a town iTAter supply that the quantity disposable should 

be suf&cient to meet all demands upon it, tJi^i at the 
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risk of repeating what has been before stated (s. 107) 
attention is again called to the fact, that the rate of 
consumption is the greatest when the supply is the 
least. It is usually considered that in summer, the 
actual requirements of a town are about 30 per cent, 
above those of the average quantity ; whilst in winter 
they are as much below that amount. Messrs. Hawksley 
and Simpson, the engineers, who perhaps have had 
the greatest experience in this particular branch of 
engineering, gave, during the discussions upon the 
Liverpool Water Works, the following tables of the 
relative monthly draughts upon the mains of a town ; 
the former being the result of actual observation on 
the working of the Nottingham Water Company; the 
latter, a more general hypothetical statement. 



MonthB. 


Bate of Consumption. 


Mr. Hawksley. 


Mr. Simpson. 


January 


Consumption helow average 


4-89 per cent. 


9 per cent. 


February 


« » M 


4-82 „ 


9 „ 


March 


1* if it 


8-63 „ 


7 „ 


April 


„ above „ 


0-80 „ 


2 „ 


May 


If it if 


1-64 „ 


3 „ 


June 


M it >» 


fi-86 „ 


10 „ 


July 


a ft if 


6-90 „ 


10 „ 


August 


ft a ft 


3-26 


7 „ 


September 


it it ft 


3-59 „ 


7 „ 


October 


helow 


2-33 „ 


4 „ 


November 


it a it 


1-71 „ 


3 „ 


December 


t* tt tt 


8-77 „ 


7 „ 



201. There are two other considerations which 
require to be taken into accomit when endeavouring to 
ascertain the amount of consumption, especially in the 
case of gravitation water-works. These are, firstly, the 
compensation to be supplied to the possessors of water 
privileges in the districts likely to be aflfected by the 
interception and retention of the sur^bi^ '^^t^-s^ <^^^3c»a. 
rainy season; and secoixdly,ttie «ccLO\ai\. ^^S. ^-^^i^^^"?!^^^ 
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it is necessary to provide for. Evidently the first 
source of consumption must be regulated by the actual 
state of the mill and other water property existing 
upon the water courses, and it can only be ascertained 
by a careful examination of their working power or 
capacity. These are questions of fact not of theory; 
and it would be dangerous to lay down any general or 
abstract laws with respect to them. It may, therefore, 
suffice to say that in most cases it is advantageous to 
the owners of water privileges that the irregularities of 
the streams they use should be regulated ; and that 
they must be gainers in cases where they possess mill 
power by any operations which tend to give them a 
permanent, rather than an irregular supply. Unfortu- 
nately this is rarely considered by the juries or other 
tribunals, which assess the amount of compensation to 
be given to mill owners affected, or said to be affected, 
by the impounding of waste waters ; and it is therefore 
prudent to make a liberal allowance for the supply of 
the compensation reservoirs it is necessary to form, in 
order to meet this source of consumption. 

203. The allowance to be made for evaporation must 
depend entirely upon the physical conditions of the 
locality in which the reservoirs are constructed ; for 
the rate of evaporation depending upon the rarefaction 
of the atmosphere, it must necessarily rise or fall with 
the conditions affecting that rarefaction. The average 
temperature, the exposition, the average rate of motion 
in the air, the circumstances likely to affect the hygro- 
metric state of the atmosphere, or to charge it with 
vapour in suspension, must vary in every individual 
case; and the recorded observations upon all these 
modifying. causes must be taken into account ; bearing, 
however, always in mind that the supply must exceed 
the demand at the periods of the mwdTt\\Am dxau^t. 
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The doctrine of averages is especially fallaciotLS in this 
particular instance ; for the average rate of evaporation 
is ascertained from the result of the observations 
carried on during the number of years constituting the 
cycle of the climate at the place under consideration. 
But it often happens that for three years consecutively 
the rate of evaporation will be greatly in excess of the 
average; so that it is essential to know rather the 
maximum rate in the locality than the probably decep- 
tive average. In the hilly districts of the north-west 
of England the rainfall varies from 22 to 60 inches per 
annum^ whil^ it is estimated that the evaporation from 
the water surface may be .considered to be safely 
allowed for^ if the parties examined before Parliament 
be correct in their opinions, on the calculation of its 
taking effect at the rate of from 9 to 16 inches per 
annum. This calculation is however very questionable, 
and certainly in the low lands it would lead to dis- 
astrous results. Mr. Daniel records many instances in 
which the rate of evaporation during the hot summer 
months is at least double that of the rainfall; and it 
is even upon record that the evaporation from a large 
exposed water surface has amounted to as much as 
four inches in a day. Evidentiy this would be so 
exceptional an occurrence in England that it would not 
be advisable to provide for it; but the experience 
derived from the use of reservoirs on canals appears 
to indicate that, during the summer months, it is 
necessary to allow for an evaporation ranging between 
I and -I- of an inch per day, or for an average evapora- 
tion of from tV to -r? of an inch per day throughout 
the year. In addition to this source of consumption it 
would be necessary to allow for the filtration into the 
subsoil ; but the consideration of this ^sit oi iX^^b^oi^^^'^Jv. 
will be more conveniently xe%eTv^SLioT^^*««*^s^^ 's^ 
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canal and river navigation. It may suffice here to say 
that it is the greatest on light sandy, lands, or on 
fissured limestone rocks; and that it will take place on 
every occasion of laying bare the bottom and sides of 
any reservoirs or canals. 

203. Before, however, closing these remarks upon 
the rate of consumption of water, and its influence 
upon the decision as to the dimensions to be given 
to catchwater reservoirs, it may be advisable to state, 
even at the risk of repetition, that as the streamis 
which supply them are fed almost entirely by the water 
running off from the land, those streams must neces- 
sarily vary considerably, in volume. The range of 
variation will depend upon the greater or lesser 
equality of distribution of rain-fall ; upon the configura- 
of the country with respect to the outlines of hill and 
dale ; and upon the capacity of the superficial strata to 
absorb and retain water during wet weather^ and to 
part with it during droughts; or, in fact^ upon their 
capacity to store water, and thereby equalise the flow 
of the streams. The dimensions ofthe reservoirs must 
then depend likewise upon the distribution of the rain- 
fall ; and it would appear that, practically, it is found 
to be advisable to make their capacity of storeage 
equal to about six months' consumption, in addition 
to the quantity which is likely to be lost by evapora- 
tion. A well executed system of either catchwater or 
thorough drainage, would unquestionably increase to a 
great extent the quantity of water derivable from a 
given area, but it will in nowise diminish the necessity 
for constructing the storeage reservoirs, but rather, on 
the contrary, augment that necessity ; for as the water 
in such cases is directly removed, the storeage capacity 
o£ the ground itself is also diminished in the direct 
proportion of the perfection of tTie Aiwxvo.g&* TV^a 
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neglect of this simple principle has no doubt materi- 
ally affected the success of some recent works, such as 
the Bugby and the Sandgate water-works. But for 
other reasons, the system on which those works were 
designed is an objectionable one; for the formation 
of a complete thorough drainage must always be an 
expensive operation, and when combined with the cost 
of the necessary reservoirs, it must lead to so great 
an outlay, that it may safely be asserted that the 
piped gathering ground should never be resorted to 
until every other source of supply has been exhausted. 
It was formerly considered that, in favourable situ- 
ations, it would be possible to depend upon obtain- 
ing as much as two-thirds of the rainfall over an 
area so treated ; but the efficiency of the drains 
becomes rapidly deteriorated, and certainly the marked 
failures of the Sandgate and of the Bugby water- 
works, (which were carried out on this system), 
have been such as to inspire great distrust of the 
correctness of the principles on which they were 
designed. 

SOURCES OF SUPPLY. 

204. After siettling the various portions of the inquiry 
upon the impoiiant details connected with the quantity 
and quality of the water supply required for any par- 
ticular town, it is necessary to examine the probable 
sources from which such a supply is to be obtained, 
and to ascertain their permanent conditions, under imy 
reasonable modifications of the demand upon them. 
These sources may, for the purposes of the present 
inquiry, be classed as follows ; though of course the 
classification itself is not presented otherwise than as 
a mode of simplifying the study of the subject. Local 
circumstances will often xeiideT\\,\XTiTL^^^'«je»'5firj\*i\^ 
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out the detaUs of the investigation to the extent h^ein 
sketched forth. 

205. Water may be obtained from, 1^ springs; 
2^ wells, either in the surface strata of the district, or 
from great depth ; 3° rivers ; and 4° from the surface 
of the ground by means of reservoirs, either with, or 
without, subsoil drainage. 

1. SPRINGS. 

206. The rain waters falling upon any particular 
district, are considered by English philosophers partly 
to flow off from the surface by means of the natural 
water courses, partly to be absorbed by the vegetation 
nourished by the surface, and partly to soak into the 
ground by the mere action of gravitation; the propcHT- 
tions disposed of in either manner being about the 
same. The water which thus soaks into the ground 
beyond the influence of evaporation, continues to de- 
scend, in a tolerably equable manner, if the character 
of the subsoil should happen to be homogeneous, so 
far as its capacity for holding, or parting, with water, 
is concerned; or in the various fissures, or veins, 
if the subsoil should happen to be, comparatively 
speaking, hard, and be, as is generally thb case in 
such soils, strongly affected by the unequal contractions 
which have taken place in their mass. The descent of 
the water continues until it is arrested by the inter- 
vention of an impervious bed, or stratum, and it then 
will either flow along the top of this stratum, to some 
point where it meets with a natural outcrop ; or it will 
accumulate in the water-bearing stratum itself, until 
it can find a natural, or an artificial relief; in the 
former case displaying itself in a spring, in the latter, 
feeding any well sunk into the water-charged portion 

of the subsoil. It follows from these eondi^ioxL^, tlMit 
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the yield, as the quantity of water obtainable from a 
spring is eaUed, must depend upon many yery compli- , 
cated circumstances, and it is therefore essential to 
study all the bearings of those circumstances before 
resorting to one of those springs for a town supply, 
especially if they should be exclusively fed by the 
surface strata. 

^07. The springs thus fed by the surface strata 
are technically known by the name of land springSf 
and in their case the rain water falling upon the loose 
permeable soils, descends through them simply by the 
action of gravity, and is never affected by any hydro- 
static pressure. Land springs, in fact, never rise above 
the surface of the ground, but, on the contrary, their 
waters would rush into any depression formed in the 
upholding stratum, as indeed occurs with the majority 
of the shallow wells sunk into the superficial gravels, 
or drifts. It is precisely on account of the facility with 
which waters permeate this class of deposits, that their 
quality is likely to be affected by infiltrations from the 
surrounding soil ; especially in large towns or populous 
districts. But in addition to this vital objection to the 
use of land springs, for the purposes of a town supply, 
an additional one exists in the fact that the water, 
following as it were indiflferently in one or other 
direction, will, at any time, leave a particular well, if 
another well be sunk above it on the line of flow, and 
at a lower level ; or even if it be sunk below the first 
one on the line of flow, and at a lower level. In fact, 
there is no security in the permanence of such a source 
of supply, and it is worthy of remark, that in no countey 
in Europe is there any legal protection to the rights of 
the proprietors of underground waters. This subject 
will be considered hereafter. 

^08. I)^^^-«eated springs w^\ko^^V^.^«x%\^^^s^ 
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the waters falling upon, and soaking down to great 
depths in any of the important members of the geo- 
logical series. Sometimes the waters thus collected are 
intercepted in their descent by the intercalation of an 
impervious bed in the general mass of the rock ; and, 
under these circumstances, they find their way to the 
surface in consequence of some fault, upheaval, or other 
great geological disturbance, which may have inter- 
cepted the lateral passage of the water, and at the 
same time have furnished, as it were, a natural outlet. 
At other times the water-bearing stratum may pass 
under an impermeable stratum, and itself repose upon 
a second impermeable bed. Under the latter circum- 
stances the water will flow in the greatest abundance 
at the level of the lower portions of the permeable 
stratum, according to precisely the same hydrodynamical 
laws it would observe if it were flowing upon the surface. 
If, then, an opening should be made through the over- 
laying impermeable bed, the water will rise in the 
opening to a height corresponding with the hydro- 
statical pressure, diminished by the friction the water 
meets with in its traject, or perhaps also by the fact of 
the existence of a natural overflow. These latter over- 
flows are indeed frequently to be found at the points 
where a permeable stratum passes under an impermeable 
one ; and their existence in such places may be explained 
on the supposition that the lower basin, or portion, of 
the water-bearing stratum being gorged, the fresh 
supplies, which filter through from the higher lands, 
can only escape at the edge of the basin. The existence 
of a fault may ofiien also be observed near the natural 
outflows, when the latter even occur at the points where 
the permeable strata are covered over by impermeable 
ones, thus complicating the conditions of outflow ; 
indeed the most remarkable of the known springs are 
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brought to the surface by such natural causes, and it 
is remarkable that their volume is generally speaking 
greater in the cases where they occur in consequence 
of an interference with the subterranean flow in the 
body of the water-bearing stratum itself, than where 
they simply act as overflows at the edge of the contain- 
ing stratum. The above cited classification of land and 
deep-seated springs must, however, not be considered 
to have any great philosophical value. It merely ex- 
presses the apparent physical conditions of the sources 
of supply, without much relation to their relative im- 
portance ; and perhaps it would be more logical to apply 
the term land springs solely to those which are fed by 
the superficial gravels or sands of a diluvial character, 
such as were for ages the sole resources of towns like 
London, Manchester, Paris, Southampton, Ipswich, &c. 
^09. Important deep-seated springs are to be met with 
in almost every geological formation of the secondary 
and tertiary series, with the exception of the clays and 
retentive marls which occur in such abundance; but 
they are most common in the various limestone rocks. 
In the primary formations it may be stated that no deep- 
seated springs occur ; for their impermeable character 
opposes an effectual resistance to the accumulation of 
water below the surface, so that unless they are covered 
with detritus, or are traversed by numerous fissures, 
these formations are characterised by water courses of 
a very irregular and torrential description; the springs 
they yield are merely land springs, often numerous and 
easily perceived in wet weather, but soon drying up in 
the summer. In the secondary and tertiary strata, 
however, the springs are rarer, but of far greater 
volume than they are in the primary series; and, 
indeed, the Abb^ Paramelle very justly observes that 
there is a species of relation betsR^eii \!EifcTiMsa^^st "ssiSsK 
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the abundance of the springs in a formation. The law 
he suggests is, in the main, true, viz. : that " the rarer 
the visible springs may be, the more copious they would 
be when found ;" and he thence infers, that if at any 
time a copious visible spring be discovered, it may 
safely be asserted that no others are to be met with, in 
the same formation, within a considerable distance, 
especially if its surface should occupy a higher level 
than that of the spring. The most copious springs 
known are those to be met with in the secondary series, 
such as the Fountain of Vaucluse, the sources of the 
Loiret, of the Touvre near Angoul^me, of the Louype 
near Souillac, of the Thames itself; whilst the Sources 
of such streams as the Bhdne, the Arve, or the Ganges, 
being entirely fed by the melting of the ice in the 
glaciers from which they issue, can hardly be considered 
to come under the designation of springs. 

210. In our own country the chalk-formation exhibits 
some of the most striking illustrations of the conditions 
of flow of under-ground waters ; and in many places it 
throws off streams of extraordinary beauty and volume. 
Thus, near Amwell and Chadwell, in close proximity 
to the outcrop of the basement beds of the London 
clay, and also upon a line of geological disturbance 
which passes under London and is connected with 
the outburst of the springs at the head of the Eavens- 
boume on the south side of the Thames, are foimd the 
celebrated springs which originally supplied the New 
River. At Bury St. Edmund's, Suffolk, a very powerful 
spring, called the Mermaid's Pits, is brought to the 
surface on the side of a valley transverse to the main 
axis of the chalk, — and which is no doubt attributable to 
a fault. Near Southampton, the Otterboume spring rises 
close to the point of junction of the basement beds of 
the Hampshire tertiaries with the chalk; vihilat near 
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Weymouth, the springs of Sutton Poyntz and of Upway 
are br6ught to the surface at points where the great 
fault traversing that portion of Dorsetshire affects both 
the chalk and the upper oolite. In the districts where 
the carboniferous strata are found, the effects of the 
numerous faults, and cross throws, which intersect the 
country, are even more strongly marked than they are 
in the more recent strata ; and in the portion of the 
West Biding of Yorkshire, near and around Halifax, 
an immense number of springs are given off wherever 
the regular stratification of the beds is interfered with 
by the upheavals which have there so strangely fissured 
and contorted the whole surface of that district. In 
the old red sandstone formation the same phenomena 
may be observed, copious springs are to be found at the 
Unes of disturbance so commonly to be met with in 
them. 

211. Deep-seated springs, such as the above, are 
naturally more constant in their volume than land 
springs, in precisely the same proportion in which 
their supplying strata are more extensive, or of greater 
storeage capacity. It is, however, impossible to pre- 
dicate what may be the quantity of water permanently 
obtainable from any one of them, unless a carefiil 
survey shall previously have been made for the pur- 
poses of ascertaining the area of the exposed permeable 
surface likely to affect the supply ; of the relative con- 
ditions of level of the ground, and of the spring as 
it flows naturally; and of the levels of any natural 
outflows from the water-bearing stratum near the loca- 
lity under examination. But even such an investigation, 
however carefully made, will not dispense with the 
necessity for a consecutive series of gaugings of the 
spring under all the varying meteorolo^cal coi^dXikscR* 
of the locality. And it ia xcoeoT^asiX. \l^t^ *^ ^^^^^ 
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that the gaugings of a spring, or of a water course, 
made during two or three months only, are not likely 
to furnish any reliable data, especially in the case of 
the superficial springs ; because as they are supplied 
by the rain-fell, it follows that they must vary more or 
less with the variations of the weather. Unless, then, 
observations be extended over several years, indeed 
over the whole cycle of the climate (in England this is 
of about seventeen years* duration) the indications to 
be derived from gaugings over short periods are very 
likely to mislead in calculations with respect either to 
the average or to the minimum flow. The period of 
the year when gaugings are taken will materially affect 
the correctness of the observations, if only a few isolated 
ones can be taken ; because not only does the rain-fall 
vary with the seasons, but it has also been ascertained 
that the springs of any depth are affected at an interval 
of from one to five months from the period of greatest 
rain-fall, according to the nature of the ground. As 
the greatest quantity of rain falls in norlii-westem 
Europe during the later autumnal and winter months, 
it appears, that if it be necessary to confine the prac- 
tical observations upon the volume of a spring within 
very short periods, the most advisable course is to 
make them during the months of September and Oc- 
tober; for generally speaking, the springs are the 
lowest at that period. Even if made in those months, 
such isolated observations are, however, very likely to 
be fallacious; and, as was said before, imless they 
extend over the whole cycle, the yield may occasionally 
feu short of the quantity calculated upon in a very 
serious manner. Nevertheless a very imperfect series 
of gaugings, combined with a careful surface geological 
survey, will furnish indications of sufficient exactitude 
to prevent the absurd outlay which has sometimes been 
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incurred in an empirical attempt to pump dry springs 
of this nature. It is positively a fact that latterly, 
under the advice of one of the Inspectors of the General 
Board of Health, an attempt was made to pump dry 
one of the most copious of the deep-seated springs 
menticmed above. 

212. For the purposes of a town supply, then, springs 
can only be resorted to when their volume is known 
to be constantly in excess of the maximum demand to 
which they are likely to be exposed ; and at all times 
their pathological effects must be carefully studied. 
Under favourable circumstances they furnish an inva- 
luable resource, especially as their waters are almost 
always characterised by an equality of temperature, a 
condition so essential in a water intended for drinking 
purposes. But it is rare to discover deep-seated springs 
of a volume sufficient for the supply of a town, and it 
then becomes necessary to sink wells, or to adopt some 
other means of supply. 

2. WELLS. 

213. Wells may be either shallow^ deepy or Artesian. 
Shallow and deep wells are those which are sunk 
through a permeable stratum, and form as it were 
reservoirs into which the land springs may filter and 
accumulate ; whilst the Artesian wells are tiiose which 
are sunk through an impervious upper stratum, to 
reach a subterranean water-bearing stratum lying in 
its turn upon an impervious upholding bed. In the 
former cases, the quantity of water obtainable is simply 
that which can filter through the sides of the well to 
replace the water removed, or which may accimiulate 
in any reservoir formed below; whilst in the latter 
case the quantity obtainable will depend simply upon the 
power of the water-bearing slta\.\3ja\»\x^5i«^ 
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214. In the case of shallow weUs the area of the 
contributing strata is usually very limited^ for it moot 
be confined to the portions which are able to drain 
towards the well. These portions are, in fact, com- 
prised within a reversed cone, whose apex is the bottom 
of the well, and whose horizontal base may vary accord- 
ing to the greater or lesser permeability of the stratum 
itself. In sands and gravels the diameter of Idie base 
becomes practically infinite, but the m^re necessity of 
interposing an almost solid wall to prevent their runxnng 
into, and filling up the well, creates a resistance to the 
influx of water. In the permeable, or fissured, secon- 
dary or tertiary series the lateral flow of water to a 
well does not take place with the same ease that it 
does in the Ughter superficial deposits; so that the 
ahove cited law as to the form of the contributing area 
may be more distinctly observed in them than in gravel 
or sand. No general law can be said to exist as to 
the rate of the transmission of water, so that in all 
cases wherein it is advisable to resort to shallow wells, 
it will be advisable also to establish a series of obser- 
vations upon the rate at which similar wells in the 
same formation are refilledi after being pumped dry. 
But the most important observation to be made with 
respect to shallow weUs is that, when formed in towns, 
they are especially liable to be affected by the infiltra- 
tion from drains, sewers, or cesspools, and thus to 
take up the nitrates which we have before seen (ss. 189, 
198) constitute the mo^t objecticmable ingredients to 
be found in a water intended for human consumption. 
To such an extent, it may be advisable here to repeat, 
are shallow wells in towns exposed to be thus con- 
taminated, that many able observers have recommended 
that their use should be strictly forbidden by the autho- 
ntiea entrasted with the care of tii^ i^ublk hfidth. 
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But it is not yet satisfiaotori](y proved ihat^ although 
unquestionably the waters of shallow wells are often 
hard, and may be often dangerous, the presence of the 
salts of nitre is so decidedly fatal, as to justify the 
neglect of a source of supply which, in London espe- 
cially, yields a very agreeable water. There has been, 
m this matter, somewhat of the hasty dogmatism 
which characterises modem official science ; but unfor- 
tunately the public is little able to discriminate the 
yalue of the opinions uttered by. such authorities as 
those now alluded to. However this may be, it must 
evidently be important that the wells sunk in populous 
districts should be protected from any danger of con- 
tamination by the infiltration from sewers or cesspools ; 
and the extent to which this danger may extend must 
depend upon the p^meabUity of the water-bearing 
stratum itself. 

In the case of deep-seated wells, the probable yield 
of water must depend primarily upon the area of per- 
meable strata, likely to affect the supply, and upon the 
facilities those strata may offer for the passage of water ; 
and secondly upon the rate of consumption [which 
takes place in the neighbourhood, for the quantity of 
water which any particular stratum can supply is only 
a limited quantity, so that evidently, if the water be 
taken at one point, no more will remain for the other. 
It is also essential to observe, in these matters, that 
there is at present no legal mode of creating a vested 
right to underground waters; and that, therefore, if 
the authorities of the town should resort to a deep 
seated well, there is no legal guarantee to protect them 
from the interception of their waters by any person 
who may choose to sink a well near to them. Diffi- 
culties of this description have actually arisen^ and to 
cite one striking case it m«s wsSSva^ \a x^l^et. v.'^k Sjssfc 
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celebrated action recorded in Gale on Easement^^ 
between Acton and Blundell, (p. 181, ed. 1849), which 
as strangely illustrates the ignorance eyen of the most 
learned judges, in questions affecting natural laws^ as 
it does the abstract justice of the principles the old 
Boman, or the civil, law was founded upon. But the 
most remarkable illustration of the effect which may 
be produced even in a comparatively large water-bearing 
stratum by pumping on a large scale, is to be found in 
the fact, that the water line of the chalk formation 
under London has been, according to the observations 
of engineers and geologists, permanently lowered to 
the extent of 50 or 60 feet below Trinity high- water 
mark ; and it is even stated that the level of the water 
in the wells near the summit for this formation rises on 
the Monday morning, in consequence of the cessation 
of pumping in London during the Sundays. But with 
respect to the particular formation thus referred to, it 
must be observed that the subterranean disturbances 
to which it has been exposed have introduced some 
peculiar conditions in the flow of the water it contains, 
whereby the wells on the south west of London are 
protected from the effect of the great abstraction of 
water in the metropolis. There is, in fact, a line of 
upheaval which traverses the valley of the Thames 
from east to west; and one, if not more lines of 
upheaval running from north to south; so that the 
passage of the underground waters is intercepted, and 
the level of the water in the chalk wells of north 
Kent is considerably above the level observable in the 
wells of Middlesex. These observations can hardly 
be followed up to their full extent in the present 
treatise ; but they show how wide must be the range 
of study of those entrusted with the execution of a 
tow22 supply, and how necessary it is to trace, not only 
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the apparent, butethe hidden causes which are likely 
to affect the desired results. The result, of the 
pumping operations at Liverpool might also be referred 
to as illustrating the conditions affecting deep wells* 

215. If, however, it should have been ascertained 
that no geological disturbance of the water-bearing 
stratum (in which it is proposed to sink the supposed 
well) exists, the yield of that well may approximately 
. be calculated, as was before stated, by observing the 
area, and the elevation of the district situated above the 
water line, and the rate at which a definite quantity of 
water may pass through the rock. In some formations 
not only does the water find its way through the 
body of the deposit by a imiform permeation, but it 
collects in large sheets, or streams, in the cross fissures 
so often met with in stratified deposits; and when 
this is the case, the rate of supply may, and in all 
probability will, be increased ; but at the same time 
there will be a greater risk from an accidental inter- 
ception of the stream. The flow of such underground 
streams will naturally be affected by the hydrostatic 
pressure, or head, under which they exist, and very 
often that head may be such as even to cause the 
water flowing into a deep-seated well on a low level, to 
rise above the surface of the ground, and thus to pro- 
duce the appearance of a true Artesian well. It is 
supposed that the principal wells and springs of the 
chalk are supplied by fissures of this description, and 
certainly the passage of water through that material 
does not take place with sufficient rapidity to account 
for the large quantities obtainable from those wells. 
The same law appears to hold with the oolites, the new 
and the old red sandstones, and it is on this account 
that the abstract theoretical reasoning, with respect to 
the flow of Water in an uuiieigtav\xA ^€^^asKj\sfe ^^ 
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strangely belied by the actual resulig obtained. After 
all, well sinking is but an empirical art; mi nothing 
but a practical experiment can solve the real capabilities 
of any particular work of that description. 

216. It is necessary to observe the precautions 
before recommended in order to guard against infil- 
trations from drains or cesspools, in the case of deep- 
seated wells, just as it is necessary to observe them in 
the case of shallow ones. Moreover, as the water in , 
deep wells remains for a comparatively long time in 
contact with the masonry lining, the latter must be 
carefully executed of such materials as are not likely to 
afiect the quality of the water, and as far as possible it 
is desirable to ensure a rapid renewal of the fluid which 
stands in the bottom of the well, in order to obviate 
any inconvenience arising from its stagnation. Surface 
drainage must be carefully excluded ; and it certainly 
is advisable to cover the top of the well, in order to 
protect the water from light, or atmospheric impurities. 

217. Artesian wells are those in which the water is 
obtained by means of an excavation, or a boring, car- 
ried through an impermeable surface stratum, lying 
upon a permeable watervbearing stratum ; which in its 
turn lies upon an impermeable one, and outcrops at a 
level so much above that of the surface of the ground 
near the well as to cause the water in the intermediate 
bed to flow over the said surface. Artesian wells 
form, as it were, artificial outlets for the waters con- 
tained in the lower parts of the basin, and the water 
line in them will therefore depend upon the hydrosta- 
tical pressure existing upon the water in the lower 
parts ; or in other words, upon the head produced by 
the level of the supplying ground. The conditions 
of success in an Artesian boring depend upon the per- 

fecidon and regularity of^ the baain filled by the water- 
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bearing stratum, so far as the mere retention of the 
water in the latter is concerned ; and upon the level of 
the streams flowing upon the surface of the water- 
bearing stratum, so far as the height of the water-line 
is coQcerned. In fact, the quantity of water to be 
obtained from an Artesian well must be regulated by 
the area of outcrops of the water-bearing stratum ; and 
that this quantity is far from being unlimited is proved 
by what has occurred at London, Tours, Milan, and 
elsewhere, when a great number of wells have been 
sunk into a water-bearing stratum of small capacity. 
But there are several curious physical conditions con- 
nected with the subterranean disturbances to which all 
strata are exposed, which are able occasionally to 
falsify any theoretical Reasoning with respect to the 
yield of wells of this description. Thus in the valley 
of the Loire, several successful works have been 
executed, wherein the average depth of the wells was 
about 500 feet ; whilst in one case the boring was dis- 
continued, after having been carried through the 
ordinary water-bearing stratum to a depth of 628 
feet ; and in a second case after having been carried 
to a depth of 454 feet, without meeting with a supply. 
The celebrated well of Grenelle yields about 800,000 
gallons per day, from a depth of 1802 feet, the supply 
coming from the lower green-sand, which is there 
found to be intercalated in the regular geological 
order between the gault clay, and some lower imper- 
meable stratum. But at Calais, an Artesian boring 
1150 feet deep, was carried through the chalk and the 
upper members of the subcretaceous series, and left 
off in one of the members of the carboniferous 
deposits. At Highgate something of the same kind 
occurred, for after passing through the gault clay the 
boring was carried into a aeries oi ^isK^^ %s>l^ ^swss^- 
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stone, which appears to belong to the new red sand- 
stone division of rocks ; and later stiU, at Harwich, 
the boring, after passing the gault, entered at once into 
the earlier slate rqpks. At Chichester a boring of 
1054 feet in depth, was carried into the upper green- 
sand, but no water was obtained ; and at Southampton 
the boring was discontinued at a depth of 1317 feet 
from the surface (being still in the chalk) without 
having obtained a supply of water. In the cases above 
cited of Highgate, Harwich, and Calais, it would 
appear that the contiiiuity of the water-bearing stra- 
tum has been interrupted by the projection of some 
isolated patches of an older formation, an accident 
which it would be impossible to foresee ; and it therefore 
must always be observed, that the science of Geology 
may furnish safe data for reasoning as to what we can 
not find in any particular position, whilst it by no means 
can assure the inquirer as to what he will find. 

218. It is quite as impossible to predicate the 
quantity of water to be obtained from an Artesian 
well, as it is to predicate the success of the attempt to 
find water by that means. Even under the most 
favourable circumstances these wells do not yield very 
large quantities of water ; and the Grenelle well which, 
as was said above (s. 217), pours forth 800,000 gallons 
per day, when the pipes are clear, (for it is necessary 
to remark, that occasionally they become choked) is 
amongst the most successful operations of this kind 
upon record. But in consequence of the increase of 
temperature in proportion to the depth of a well, or 
excavation, another serious objection arises to this 
class of wells, viz., that if the water-bearing stratum 
should descend to any great depth, the water it will 
yield will rise at an inconvenient temperature. The 
j^Iijrsical laws affecting this matter, are as follows : — 
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219. The temperature of the ground is affected by 
the state of the atmosphere to a certain distance 
from the surface, where that temperature becomes 
constant ; and beyond this point it increases according 
to a law susceptible of modification by local circum- 
stances. It is said that in Scotland the rate of 
increase of temperature, after the permanent degree 
has been attained, is about 1° of Fahrenheit for every 
48 feet of descent. M. Walferdin found that the 
rate of increase at Paris was 1° Centigrade for 30*87 
of descent, or 1°*8 Fahrenheit for every 102 feet lOj 
inches ; and M. de Girardin found that at Bouen it 
was, in one case, about 1 '8 for every 67 feet 4 
inches, and 1®*8 for every 100 feet of descent in 
another. Some accurate experiments made at the 
well of Grenelle showed, that the increase of tem- 
perature there was with remarkable regularity 1®'8 
for every 106 feet of descent below the point of con- 
stant temperature, which is about 93 feet 6 inches 
from the surface of the ground at the Observatory of 
Paris, and marks a little above 53^ Fahrenheit. This 
would give a minimum rate of increase, in the more 
recent secondary and tertiary districts of North 
Western Europe, of about 1® Fahr. to every 59 or 60 
feet in descent, though of course local circumstances 
may especially affect the temperature of underground 
waters. For instance, the springs which supply the 
King's bath, at Bath, rise at a temperature of 117^; 
and the wonderful spring of Orense, in Gallicia, rises 
at a temperature of not less than 180®. But even if 
no abnormal cause should be at work to raise the 
temperature of the water, the latter will necessarily be 
regulated by the relation above stated to exist between 
the distance from the surface from whence the s^rin.^ 
risesy and the internal temT>eia\.\x£^ oi ^CtL^ ^^^. 
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3. RIVERS AND THEIR APPLICATION TO TOWN SUPPLIES. 

220. It would thus appear that, in order to meet the 
requirements of a large agglomerated pppulation, the 
most infallible natural source of supply is to be found 
in rivers, though there are, unquestionably, many serious 
objections to them. Thus it almost always happens that 
they receive the drainage waters from cultivated lands 
and inhabited districts ; and the daily spreading habit of 
making their beds serve as the outfall for town sewerage 
tends seriously to increase this evil. Indeed it would 
be impossible to cite an instance in which so much 
mischief has been produced by injudicious attempts to 
enforce prematurely what would otherwise be a great 
social benefit, as the one which is to be met with in the 
systematic pollution of the rivers and water courses 
by the towns which acted under the advice and control 
of the late General Board of Health. In England, of 
late years, it is positively the fact that a body of men who 
were specially appointed for the purpose of protecting 
the public interests against local selfishness or local 
ignorance, have tolerated, if even many of its leading 
officers did not actually fidvise, that town sewerage, 
rendered more 'than usually offensive by the universal 
adoption of the water-closet, should be cast into the 
upper portions of the courses of rivers, resorted to by 
dwellers lower down on their banks for the water 
required for domestic purposes. 

221. In rivers which are likely to be affected by the 
tidal action^ there is another source of danger from the 
transmission of the salts contained in the sea water ; 
and it is to be observed, that in consequence of the 
minute diffusion of those salts their presence may 
occasionally be detected even in the parts o^ a river 

situated above the point where the mfichBnical action 
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of the tide ceases to influence the level of the stream. 
Thus, in some seasons the muriate of soda has heen 
found to exist in perceptible quantities in the waters of 
the Thames at Kingston, even though the lock at Ted- 
dington intercepts the upward progress of the tidal wave ; 
and certainly the water of that river opposite tq Chelsea 
bears strong evidence of the influence of the sea water 
upon its chemical composition. It will, therefore, be 
necessary to draw the waters intended to be distributed 
in any large town from a river, only from those parts 
of its hydrographical basin which are above the range 
of the tide ; unless the volume of fresh water, and its 
velocity, should be such as effectually to overpower the 
tendency of the sea water to flow inland. Even in the 
latter case it will be found advisable to place the imme- 
diate source of supply upon the portions of the stream 
wherein the upland waters are able to maintain a 
counter-current to the flood tide, as they will certainly 
be fresher and purer than those of the mid-stream ; 
provided always, that no local sources of impurity should 
exist. Indeed the influence of local causes of dis- 
turbance is sufficiently* great to render extreme caution 
necessary, either in rejecting^ or adopting a source of 
water supply from a river; and it is wortiiy of remark 
that the practical pathological effects of even a slightly 
brackish water are not by any means so dangerous to 
the populations constantly using them as they have 
been said to be, or as they unquestionably are to 
strangers using them for the first time. Thus, the 
brackish waters of the Maas are constantly used by the 
inhabitants of Botterdam, after simply undergoing a 
mechanical filtration; and, although they have a 
decidedly marked diuretic action upon strangers, they 
do not so flffieot the inhabitants of the town, in ordinary 
seasons at least* It ap]^e8ixa,m ift»cX.»^aaa5^*^^\sN5a^ 
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constitution can adapt itself to many extraordinary 
circumstances ; but evidently it is not desirable to tax 
its capabilities of this description, or to use an inferior 
water instead of a better one, if the latter can, by any 
reasonable outiay, be obtained. 

222. Even the best, and chemically purest, river 
waters are so disposed to receive, and carry forward, 
the light earths over which their contributing streams 
have flowed, especially during the rainy season, that it 
becomes almost always necessary to adopt precautions 
for the purpose of securing the deposition, or the 
separation, of the solid matters they may hold in sus- 
pension. In almost all cases, therefore, subsiding 
reservoirs, or filtering beds, are essential parts of the 
works for the distribution of river waters ; and, as they 
are equally necessary when the water to be supplied is 
derived from the collection of surface drainage, the 
following remarks must be considered to apply to both 
sources of supply, although of course the applicability 
of any particular system of filtration will depend 
greatiy upon local considerations of efficiency, or 
economy. 

233. When the rivers *:om which the supply is to 
be derived are much charged with suspended matters, 
it is necessary to construct both subsiding and filtering 
reservoirs. The dimensions of the former must depend 
upon the state of mechanical division of the extraneous 
matters, and upon their specific gravities; for evidently 
the finer and lighter they are, the longer time will they 
require to separate themselves from the water. A total 
absence of current, or of agitation, is an essential con- 
dition for the efficient action of a settling reservoir ; 
and in order to attain both that absence, and the perfect 
^epBraiion of the suspended matters, it appears to be 
^visable to make the reservoirs of sufficient dimen-^. 
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sions to hold tiie maximum supply to be provided for 
three days' consumption. The dimensions of the settling 
reservoirs of the New River Company were larger than 
those which would have been required in accordance 
with this rule ; yet the waters leaving them were, at 
certain seasons of the year, notably impure. It appears, 
therefore, that river waters, especially when they flow 
over soluble or easily disintegrated soils, or over lands 
covered with vegetation, natural or artificial, cannot 
part with their extraneous matters by the mere deposi- 
tion which takes place within the time practically 
attainable ; and certainly, in the case of the New 
Biver above referred to, the mechanical deposition 
effected in the reservoirs was not sufficient to ensure 
the absence of organic impurity which ought to charac- 
terise the water supply for a large town. In such cases 
filtration is indispensable, nor can the result of the 
experiment recently tried at the Woolwich and Plum- 
stead Works be considered to invalidate this opinion, 
or to prove that any chemical action applied in a settling 
reservoir would be capable of purifying the waters to 
the necessary degree. The fact is, that the nature of 
the extraneous impurities in a water, whether taken up 
during its flow over the surface,^ or during its passage 
through the ground, is exposed to such strange varia- 
tions, that the mode of chemical treatment would require 
to be varied almost day by day; and, moreover, the cost 
of such a system would be enormous, if carried out on 
a large scale, and in an efficient manner. Practically, 
then, the only [mode of purifying waters, containing 
matters in a fine state of mechanical subdivision, is to 
pass them throngh certain porous substances which 
should be able to arrest those matters. 

224. In filtration the action of the intercepting mate- 
rial may be either chemicai> ox -gxa^Vj xsi^^iOMbssL^^NNssaS^* 
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the expense of carrying into effect any such chemical 
action is so great tiiat it never can be applied to the 
large quantities of water required for a town supply. 
Hitherto no ingredient has been discovered which 
possesses the same powers for removing the organic 
impurities of a water as those of animal charcoal ; but 
as it is necessary that the water to be filtered through 
it should previously have been cleared from the grosser 
particles in suspension, by being passed through a 
coarser description of filter, and that subsequently the 
water should again pass through some other filtering 
medium, in order to ensure its freedom from any 
particles of charcoal, we may safely consider that so 
complicated a process cannot be applied otherwise 
than for personal or domestic purposes. Indeed, a 
supply taken from the more perfect mechanical filters, 
with as great rapidity as the latter can yield them, 
will in almost every case satisfy, not only the public 
demands, but also the real exigencies of the case. 

d25. There are several kinds of mechanical filters, 
of which the systems adopted by Mr. Thom at Paisley, 
by the engineers of the various London water-works, 
by the engineers of the Toulouse and Nottingham 
works, and that of the use of filtering slabs whether 
natural or artificial, are the most important. Of these 
the system adopted at Toulouse and Nottingham is the 
most economical, when the bed of the river is suitable 
for its application. It consists in the formation of 
filter tunnels or drains in the sands upon the banks of 
the stream; and the water which finds its way into 
these drains becomes purified by the detention of the 
adventitious matters in the bed of the river frc»n which 
it is washed away by the action of the stream. If, 
however, the river should carry down much clay, these 
tunnels would become choked in a very «hort time ; 
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and agftin, if tke sands should contain any salts of iron, 
Ume^ sulphur, or nitre, the waters will be affected by 
them. It rarely happens, indeed, that rivers flow over 
beds of pure siUcious sand ; and even when this is the 
case, the objections urged by Dr. Clark against the 
general application of this system are still valid. That 
gentleman noticed that near Glasgow, where many of 
these natural filters are in use, springs often rise into 
them from below, and bring in waters of a different 
quality from that of the river itself. The level of the 
tunnels being fixed, whilst that of the water varies 
according to the state of the river, the rate of filtration 
must vary also; so that in summer, when the con- 
sumption of water would be the greatest, the yield 
would in all probability be the least These filter 
tunnels must also be exceedingly difficult to clean on 
account of the very nature of the materials of which 
they are formed ; and their application must for the 
above reasons be confined to the localities which pre- 
sent the peculiar geological characteristics above shown 
to be requisite. At Nottingham^ the system is said to 
answer well after many years' experience; at Toulouse 
its working has been far from satisfactory, especially in 
the case of the tunnels formed near the bed of the river, 
for in them a peculiar vegetation of aquatic plants was 
developed. At Perth a natural filter of the kind above 
described has sufficed for the supply of the town ; and 
both at Lyons and at Tours the same system has been 
adopted. When the stmds and gravels of the bed are 
of a nature fitted for the formation of the drains, it 
appears that the yield of water ranges between 800 
and 400 gallons per foot superficial per working day of 
twenty-four hours. 

226. The filter described by Mr. Thom as having 
been executed by himself atP«aa\'B5>«^^5«M%^«i^^'^^^'*^ 
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some theoretical advantages over those offered by the 
other methods of artificial filtration; inasmuch as, 
from the fact that the last stratum of the filtering 
medium traversed is composed of a mixture of sand 
and charcoal, the effect it produces must be to a certain 
extent chemical as well as mechanical. This system 
may be described as follows, nearly in the words of 
Mr. Thom : " The site of the filters is on a level piece 
of ground excavated to the depth of from 6 to 8 feet, 
with impermeable retaining walls and bottom. The 
whole of the surface of the latter is then divided into 
drains 1 foot wide by 5 inches deep, by means of fire 
bricks laid on edge and covered with flat tiles, perfo- 
rated with numerous small holes like those used in the 
floors of malt-kilns. These tiles are covered to the 
depth of 1 inch with clean gravel, about TSg- of an inch 
in diameter ; and upon this five other layers of gravel 
each of the same depth, but gradually diminishing in 
its dimensions until the last layer almost assumes the 
character of coarse sand, are laid. Over the gravel 
very clean, sharp, fine sand, 2 feet deep, is placed ; and 
about 6 or 8 inches in thickness of this sand, near the 
top, is mixed with animal charcoal.'' Mr. Thom has 
latterly tried to substitute the pounded amygdaloidal 
rocks which occur in the neighbourhood of Paisley, for 
the charcoal, and it is said with considerable success, for 
the amygdaloids are stated to be capable of removing 
from the waters traces of peat in a manner nearly as 
effectual as if charcoal had been used. The explana- 
tion of this action is to be found in the affinity between 
the silicate of alumina and the vegetable and animal 
matters in combination with the water, which has been 
shown by Professor Way to be of a very powerful 
nature; but no experiments of a trustworthy nature 
irpon tie application of these chemic&Uy acting filtering 
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ingredients have yet been tried, upon a large scale at 
least; and certainly the difficulties which have been 
encountered in the attempts to remove the peat stains 
from the Eivington Pike waters of Liverpool ought to 
inspire some doubt with respect to the confident asser- 
tions of the propounders of theories upon the disinfect- 
ing powers of the amygdaloids or of the clays. 

237. The system generally adopted by English en- 
gineers for town filtration comprehends the formation 
of settling reservoirs as almost indispensable adjuncts ; 
but evidently the necessity for such works must depend 
upon the character of the river itself from which the 
water is derived. In the case of the Kent Water-works 
Company's establishment the settling reservoirs have 
been executed upon perhaps the largest scale of any of 
those around London; and this peculiarity may be 
accounted for by the fact that the Bavensboume, from 
which the supply is taken, flowing as it does over a 
light and easily moved soil, is frequently charged with 
a large proportion of extraneous matters. The area of 
the settling reservoirs of this Company is about 4^ 
acres, whilst that of the filter beds themselves is about 
3 acres ; and the maximum rate of filtration is about 
2,000,000 gallons per acre per day. Theoretically, and 
in districts of this character, the size of the subsiding 
reservoirs should be such as to allow of their holding 
a supply equal to four days' consumption ; and, as a 
general rule, their depth is made about 13 or 14 feet. 
In the execution of these reservoirs precautions must 
be taken to prevent any injurious action upon the 
water ; and the practice of the London engineers of 
forming the exposed slope of good gravel may be 
quoted as a very reasonable one. The filter beds 
should be placed as near to the settling reservoirs as 
possible, and the details of the mo^\. ^^\I\^WN/^x^ ^^ito. 
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of this description may be described as follows, nearly 
in the words of Mr. Quick : " The filtering materials 
consist usually of a layer of coarse gravel about 1 foot 
deep, in which are placed glazed stoneware drains ; 
this is covered with a stratum of rough screened gravel 
about 9 inches deep ; then with a stratum of finer 
gravel 6 inches deep ; then with a stratum of still finer 
gravel 9 inches deep ; over these strata of gravel a 
series of beds of sand gradually finer and finer in its 
texture are placed, having a total thickness of about 

3 feet 6 inches ; thus making the total depth of the 
filtering materials between 6 and 7 feet/' The filters 
of the Lambeth, Chelsea, Southwark, and West Mid- 
dlesex Companies are formed in this manner, and they 
are usually worked with a small head of water ; but 
occasionally, as at the Kent water-works, the thick- 
ness of the filtering materials is reduced to as little as 

4 feet 6 inches, whilst the working head of water is 
made 4 feet, instead of 2 feet as usual. Practical en- 
gineers differ in their opinions as to the merits of the 
respective systems ; but the experiments of M. Darcy 
prove that for filtering materials of the same nature, 
the rapidity with which the water passes will be propor- 
tional to the head of water producing pressure, and 
that therefore there is a greater chance of effective 
filtration when the depth of the sand, &c. is increased. 
Moreover, as waters tend to purify themselves by the 
oxidation which takes place when they are exposed 
over large surfaces of small depths, their quality must 
likewise be more likely to be improved when the head 
upon the filter is small. The degree of purity of the 
water under consideration will, however, modify any 
abstract reasoning upon this subject. 

JS28. At Southampton a very awkward attempt has 
been made to apply a system of mecih»xdfi^ filtration, 
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which, if it had been properly executed, might advan- 
tageously have replaced the more costly and more 
roomy systems usually adopted. It consisted in the use 
of — 1, a layer of Eansome's artificial filtering slabs on 
which were placed, 2, a layer of gravel, and, 8, a layer 
of sand ; the water passing through these materials 
per ascensum. This arrangement was precisely the 
reverse of the one which should have existed, because 
not only was it absurd to make the foulest water pass 
at once through the filtering medium the most difficult 
to clean, but it was a mistake to leave the filtered water 
exposed in the manner here adopted. It must always 
be borne in mind that a filtering medium becomes 
choked with a rapidity greater in the exact proportion 
of its power of retaining mechanical impurities ; and 
that, therefore, the surface most exposed to those im- 
purities must be easily visited and cleaned. Had the 
water at Southampton passed through the sand and 
gravel before passing through the filter slabs, and had 
it been withdrawn from beneath the latter, instead of 
being allowed to stand over them, there can be no 
doubt but that the quality of the waters would have 
been improved, and that the woridng of the filters 
would have been less exposed to danger. The prac- 
tical result of the experiment at Southampton has been, 
however, to prove that with a working head of 4 feet, 
the Bansome's slabs, covered with 9 inches of sand, and 
9 inches of gravel gradually increasing in coarseness, 
. are able to yield as much as 100 gallons per foot super- 
ficial per day. The yield of the ordinary London filters 
varies between 40 and 60 gallons per foot superficial 
per day ; so that the Ransome's filters would produce an 
economy not only of depth, but of area, of excavation. 
229. Of late years there has been a tendency otLtlift. 
part of the engineers connect^^ mVK ^xi^^'^^^sst 
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works Companies to suppress the storeage reservoirs 
into which filtered waters were passed, and to trust 
entirely to the powers of machinery to meet the vary- 
ing demands of a town consumption. Thus, the 
Kent Water- works and the East London Water-works 
Companies have materially diminished their storeage 
capacity. The majority of the London Companies, 
however, have recently incurred very serious outlay in 
the construction of these buildings; and by recent 
parliamentary enactments it has been provided that 
they shall be covered. A great deal of skill has been 
displayed in the manner in which the various Com- 
panies have solved the problem thus set before them ; 
but really no great advance has been made upon the 
systems adopted by the Eoman or Byzantine engineers, 
fdlowing of course for the differences between the an- 
cient and the modem modes of distribution, and for 
the different states of the metallurgic arts in the ancient 
and modem worlds. The Beservoirs at Futeoli and 
at Constantinople, represented in Plates 1 and 2, may 
indeed fairly be considered to have served as modeU 
for the New Biver, or the Plumstead, reservoirs ; and 
the only material difference to be found between the 
Boman and the English structures is the one con- 
nected with the depth of water. In fact, the ancient 
engineers used their reservoirs as stores, and therefore 
great depth was required to ensure their cubical capa- 
city; the modem English engineers rarely use their 
reservoirs for any other purpose than to compensate 
for the irregularity in the action of their pumping ma- 
chinery, or to guard against any temporary accidents ; 
and as they usually make the supply mains commu- 
nicate with the reservoirs, it is essential that the head 
of water in the latter should only vary within a very 
limited range. A depth of water of about 14 feet 
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above the outlet is considered to be the maximum 
which it is advisable to adopt, especially when what is 
called the constant service is used. Local considera- 
tions of economy must regulate the choice of the mate- 
rials to be employed; but it is essential, under any 
circumstances, that no materials should be admitted 
which would be likely to produce any chemical action 
upon the waters exposed to them. Thus at Paris, 
some small reservoirs have been entirely formed in 
hydraulic lime concrete, but if the waters to be kept 
in sudi structures should themselves contain an excess 
of carbonic acid, they would take up so much lime as to 
materially increase in hardness. It is for this reason that 
the sandstcHies, the hard-burnt bricks, and the argillo- 
calcareous cements are almost exclusively used in the 
construction of reservoirs ; and it would even appear 
that there are objections to covering such structures 
with wooden roo&. The essential conditions to be 
observed in the formation of reservoirs, especially *near 
towns, are in £a.ct, that the temperature and the me- 
chanical and chemical purity of the water should not 
be liable to be affected by accidental or adventitious 
circumstances; and therefore the materials of which 
they are formed must be insoluble and non-conducting. 
Open reservoirs are usually formed in country districts 
of England, at the rate of about £600 per million 
gallons stored ; but the cost of the covered reservoir 
erected lately at Croydon, under the supervision of 
the officers of the late General Board of Health, was 
not less than £4000 per million gallons. 

280. It may be necessary here to state that, in many 
cases where the water for a town supply is pumped 
directly into the distributing mains^ a storage reservoir 
is still formed to receive the excess o€ ^^Aet \k^<5s^5Si. 
that which is drawn off for l[io\x»^\io\aL \jvxt^o^^^. ^\\j^^^ 
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reservoirs become, in fact, regulating reservoirs; for 
their use is to store a sufficient supply for the period 
when the engines are not at work, and to provide 
against any minor accidents. The principal danger 
attending this system of direct pumping, arises from 
the frequent hydraulic shocks to which the mains must 
be exposed, from the opening and shutting of the 
house services ; but this danger may be obviated to a 
great extent by laying secondary mains, called riders, 
near the leading ones, and by connecting the house 
services with the riders. Especial precautions must 
be taken to ensure the regularity of the flow of the 
water as it leaves the air-vessel of the pumping engine. 
In spite of all such precautions, however, the flow of 
the water in the upper portions of the mains must 
always be exposed to fluctuations of a very irregular 
nature ; especially when the pipes are always under 
charge, and the consumption takes, place directly from 
them, on what is called the constant delivery system. 
In some of the London Water Works, and at Ham- 
burgh, Amsterdam, &c., stand pipes have been used 
for the purpose of regulating the flow of: the water 
pumped into the mains without the intervention of 
service reservoirs ; but this course is certainly objec- 
tionable, on the score that when it is adopted all the 
water must be raised to the maximum height ; whereas, 
when the water flows past the riders to the regulating 
reservoirs, the pressure upon the mains is partially 
relieved by the house consumption. The use of stand 
pipes is, indeed, rapidly being abandoned ; though un- 
questionably there are positions in which it would be 
more economical to erect them than to form elevated 

. storage reservoirs. 

231. When it is decided that storage reservoii*s 

s/faJ/ be formed, their dimensions must \>e> x^^ulatftd^ 
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firstly by the amount of the local consumption, and 
secondly by the nature and power of the steam or 
other machinery employed. If this machinery should 
be liable to interruptions in its action, or if the source 
of supply should itself be exposed to irregularities (as 
in the case of a tidal river, or of one in which freshets 
occur), it is necessary to make the reservoir of a capacity 
sufficient to ensure the delivery of water during the 
periods of interruption. Should the configuration 
of the country be favourable to the construction of 
these structures^ they may be made so as to hold about 
three days' supply, in climates like those of the south 
of England. But from the necessarily expensive 
nature of these works, it is rarely that they can be 
executed of these dimensions, and in the greatest 
number of cases it will be found sufficient to make the 
reservoir of adequate capacity to supply the consump- 
tion of water during the hours that the engine may 
not be at work, or to enable it to raise, the water by an 
equable effort during the working hours. For this 
purpose a storage reservoir, able to hold about one 
quarter of a maximum day'js consumption, will be all 
that is usually required. It will, however, be neces- 
sary to provide duplicate engines, or at least to have a 
sufficient number of duplicate parts in constant readi- 
ness, in order to be able to repair any accident at the 
slightest notice, when the dimensions of the storage 
reservoir are confined within the kbove-cited limits. 
It is true that the supply will, *to a certain extent, be 
liable to be interrupted; but, on the other hand, 
reservoirs of dimensions so ascertained, could be 
covered easily and economically. 

232. In some French water works, as at Toulouse, 
and the old establishment of tlv^ "PqtclX, "^wy.^ ^^^!ct 
H&vre, the water is raised mto «u \»xJi8L ^^^^^^ "vaxsa..^- 
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diately over the engine ; the tank thus serving, in 
fact, as the upper portion of a stand pipe, or as an air 
vessel, to discharge any air raised with the water, and 
at the same time as a distributing reservoir. Over 
a water-wheel, such as the wheel at Toulouse, this 
arrangement may present some advantages, provided, 
of course, that the machinery itself be not of a 
nature exposed to accidents, or to require frequent 
repairs. But unless such a tank can be made of con- 
siderable dimensions^ or unless it be large enough to 
allow of its acting as a regulating reservoir, it must be 
evident that the mains could only be charged so long 
as the machinery is working. 

233. The following additional practical observations 
may be made with respect to the execution of service 
reservoirs, of whatsoever description they may be. 
The positions of the inlet and of the outlet pipes must 
be arranged in such wise as to ensure a constant flow 
through the body of the water in the reservoir ; and 
precautions must be taken to keep back any impurities 
which might accidentally be introduced, by either 
forming depositing wells under the inlet pipes, or by 
placing gratings, or strainers, over the heads of the 
outlet pipes. A valve pipe must b^ forn^ed, wd if 
possible, it would be desirable that both the inlet and 
outlet pipes should pass through it, in order to secure 
greater facilities for the examination and repairs of the 
valves. Overflow pipes, waste wears, or other pro- 
visions must be made to regulate the height of the 
water; scouring or cleansing pits must be formed, 
and they must have discharge pipes placed at such 
points as to allow the whole of the water to be drawn 
off if required ; and means of access to the bottom of 
the reservoir must also be provided. It is essential 
^a^ the outlet pipe should be placed at sado. «^\«^A^ 



CONDUIT OR SUPPLY MAIN. 208 

to retain a certain depth of water over the bottom, 
excepting when the scouring pits and their outlets are 
used. The object of this arrangement is to secure n 
more effectual deposition of the mechanical impurities 
of the waters. 

CONDUIT OR SUPPLY MAIN. 

334. In most cases the water for a town supply has 
to be led from a considerable distance to the place of 
distribution, and as this operation may be, and often is, 
effected affcer filtration, it has been thought advisable 
to discuss the mode of effecting the latter process 
previously to the examination of the methods usually 
adopted for the execution of the main conduit. These 
methods are naturally dependent upon the character 
of the country over which the water has to be carried, 
and also to some extent upon the nature of the building 
materials at command. They may, however, be very 
conveniently considered tobe ranged underthe following 
general heads, viz. : open cuts in earthwork, masonry 
aqueducts, and pipe conduits, whether of metal, stone, 
or earthenware. 

235. Open cuts are objectionable when the water has 
already been filtered near the source of supply, because 
there is a probability that the water may contract 
atmospheric impurities, or at least be affected by the 
temperature of the air. In the neighbourhood of large 
towns the former inconvenience frequently becomes of 
serious importance ; so much so, that in most countries 
the branches of the administration charged with the 
protection of the public health have invariably insisted 
that the water channels should be covered. In the pre- 
vious portions of this work the various formulsB adopted 
for ascertaining the conditions of flow in. <s^<i\j^ ^^^&S5- 
have been alluded to (vol. i. |^ 4^ \» 4^^\ ^s^x. ^^^ewsa^^ 
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it may save trouble to state here that the engineers of 
the irrigation department of the Madras Eesidency, 
who have certainly had opportunities of applying the 
theoretical reasoning of European hydraulicians on a 
very lai'ge scale, have adopted as the basis of their 
tables for calculating the velocity and discharge of cuts, 
or canals, the formula derived from Buat and Neville, 

,._ 88-51H- -03) 

in which v == the velocity of feet per second ; r == the 
hydraulic mean depth ; I = the length of the cut, and 
«the total fall, so that (r)J— %P- % (7 + 1*6) gives 
the ratio of the slope, or inclination of the channel. 
Captain Stoddard has drawn up an elaborate set of 
tables based upon this formula, which might very 
advantageously be reproduced in England, as they are 
rather more easily applied than the elaborate calculation 
contained in Mr. Neville's Hydraulic Tables (Weale, 
Lond, 1853). The last-named work must, however, be 
consulted by those who are desirous of studying 
thoroughly the important subject upon which it treats. 
Mr. Beardmore, in his Practical Tables, however, 
gives a simple and very easily applied rule for ascer- 
taining the velocities and discharges of arterial drains, 
cuts, &c., and has given the results when the slopes are 
made, as they usually are, in earthwork channels of 
3 base to 1 rise. His rule is, "to multiply the 
hydraulic mean depth in feet (which is ascertained by 
dividing the border into the area), by twice the fall in 
feet per mile ; take the square root of the product and 
multiply it by 55 ; the result is the mean velocity of 
the stream in feet per minute ; this again multiplied 
hj the sectional area in square feet, gives the discharge 
jn cubic feet perminnie" 
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236. In consequence partly of the difficulty of pro- 
tecting the water from contamination in open cuts, 
and partly from the tendency of the stream to wash 
away the banks, it is usual to lead water for town 
supplies in masonry channels. The Eomans, whose 
practice in this respect may still be advantageously 
studied by the modems, seem to have established as 
a rule that, wherever it was possible so to do, the top 
of the masonry vault should be kept at least 2 feet 
below the ground : in order, no doubt, to prevent any 
injurious action through the changes of atmospheric 
temperature; and even when the aqueduct was 
raised above the level of the country, it was still 
covered with 2 J feet in thickness of earth. So long as 
the water is maintained in motion, this protection 
seems to be sufficient in the majority of instances, 
of Western Europe at least ; but in the recently con- 
structed aqueduct of the Croton Water Works, the 
depth of the protecting coat has been made 4 feet. 
It is, however, to be observed, that the dimensions 
of masonry channels are affected by many consider- 
ations which render the application of strictly logical 
rules to them almost impossible. For, in the first 
place, they must be made of sufficient size to allow 
the passage of the workmen employed to examine 
and clean them ; in the second place, the nature of 
the formations traversed, and of the building materials 
employed, must at times, render necessary corre- 
sponding precautions, or modifications from any ori- 
ginal type. As a general rule, the width of subter- 
raneous aqueducts is made about 3 feet 6 inches, 
with a height, from floor to underside of key, of 7 
feet : but these limits must vary according to the 
quantity of water to be couNejeSi, "V^ *^^ IssssssS^^- 
tioDs should be naturally goo3i, VlV^^^^^^^^^"^^''^^*^'' 
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make the masonry of the floor more than from 13 
to 14 inches in thickness; the side walls should 
be from 1 foot 10 inches, to 2 feet 3 inches thick ; 
and the arched covering 14 inches thick at the key, 
if the superincumbent weight should not require a 
greater thickness. In the case of the Croton aque- 
duct, the thickness of the solid masonry which 
supports the conduit over valleys, is made somewhat 
greater than that of the aqueduct itself imme- 
diately below the floor-line, and a slight batter is 
given on both sides. The American engineers, in 
fact, seem to have used solid masonry foundations 
for their conduit, rather than earthwork embank* 
ments ; nor did they begin to arch their substructure 
till its height became at least 30 or 30 feet, mea- 
suring from the valley to the top water-line. Like the 
Romans, the engineers of New York formed, more- 
over, a series of wells on the line of their conduit, 
to allow the deposition of extraneous matters which 
might find their way into the stream : and visiting 
shafts and air funnek were also placed from distance 
to distance upon the line of its axis. 

237. Masonry conduits, such as are above described, 
have no doubt some advantages over pipes, amongst 
which may especially be cited the fact, that the earthy 
salts contained in the water, and which are sure to 
be deposited in course of time, are not so likely to 
produce injurious effects upon the conduits as they 
would do upon the pipes. The precipitation of the 
salts takes place, in fact, in the open air, and at an 
earlier period of the flow ; and it must evidently be 
more easy to cleanse and repair such conduits,^ 
than it can be to perfonn the same operation upon ' 
pipes buried in the grouiLd. Oiv NXv'ft <2?0aKtV«saSL^>^* 
is evident that the constracWoTv oi '^xsva^ ^sssssskss- 



308 



SUPPLY OP WATER TO TOWNS. 



conduits is, generally speaking, more costly than 
would be the use of metal pipes large enough to dis- 
charge the same volume of water ; so that eventually 
the choice of the particular mode of conduit must 
depend almost exclusively upon local considerations ; 
for motives of economy may often outweigh those 
derived from the theoretical advantage above cited. 
As an illustration of the e;^tent to which the deposi- 
tion of the earthy salts may 
I interfere with and contract the 
efficient area of a water-course, 
the accompanying sketch of 
the transverse section of the 
conduit upon the celebrated 
aqueduct of the Pont du Gard, 
is added. The portion shaded 
of a darker colour, round the 
water-course represents the 
deposit of calcareous matter 
which has gradually accumu- 
lated through the precipitation of the salts contained 
in the water, although great pains had been taken 
originally to ensure its purity. It was, indeed, the 
dread of the deposit from the waters of the Durance, 
which induced M. de Montricher to adopt the mode of 
conducting them to Marseille, which he finally did ; 
and he was induced by the same motive to construct 
that splendid folly the aqueduct of Eoquefavour. At 
the Liverpool Water-works Mr. Hawksley adopted the 
less showy system of subterranean pipes, which, it 
may be added, is usually followed by English engi- 
neers ; for, working as they almost always do for 
commercial companies, they are 'not often allowed to 
jndalgo tiie fancy for erecting comparatively useless 
Jtoonuwents. 
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238. In the case of the Romans, the choice of the 
modes of leading water from a distant source was far 
more limited than it is in that of modem engineers, 
from the fact of the inferior state of the metallurgic 
arts in the ancient world, compared with their state 
in modem times ; and even on the score of economy 
they were justified in erecting bridge aqueducts, which 
would, at the present day, expose their designers to 
severe criticism. In fact, the most serious difficulties 
which are likely to be encountered in the construction 
of conduits, are those arising from the occurrence 
of hills, or of deep valleys, in the line they ought to 
follow. The former, if of considerable elevation, will 
require to be traversed in tunnel ; the latter may be 
passed by bridge aqueducts, or by reversed siphons, in 
which the water descends from one reservoir through 
a pipe on one side, to remount to a second reservoir, 
through the continuation of the pipe, on the other, at 
a somewhat lower level; from this second reservoir 
the conduit may be continued as before. As a general 
rule, the Romans effected the passage of such valleys 
by bridges, and the structures of this description 
which they have left behind them, are amongst the 
most strikingly beautiful relics of ancient art. Many 
of these monuments are of such colossal dimensions, 
and such singular elegance, that it would be unjust 
to mention them subsidiarily; and the reader is, 
therefore, referred to the list of authors, who have 
treated of this special subject, which will be found in 
the Appendix, if he should desire to obtain further 
information on this branch of the subject. On the 
preceding page, however, an elevation and section of 
the celebrated Pont du Gard Aqueduct, is given in 
connection with the great Solani Aqueduct on the 
Ganges canal, erected by the eng^neeta ol \)[v^ \%\.fe 
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East India Company, and with the Boquefavour 
Aqueduct. These works are represented on the same 
scale, so that it will be easy to draw a comparison 
between their relative proportions; but it may here 
suffice to direct attention to the fact, that the modem 
work which is comparatively speaking, so little known, 
has an area of water-way, not less than eighty times 
that of the celebrated Roman example. The Roque-' 
favour and the Groton Aqueducts are, it may be 
added, the most striking works of this description 
executed of late years. 

289, The practice of the Roman engineers in the 
construction of lofty aqueducts differed somewhat from 
that of modem engineers, in this respect, that the 
former resorted to several tiers of arches in cases 
where the latter would only use one tier. In countries 
exposed to volcanic action, the former system would 
appear to be preferable ; but really the determining 
motive in such cases ought to be the economy of con- 
struction, which will be affected by so many local 
considerations that it would be dangerous to lay down 
any invariable rules on the subject. But whenever 
from motives of economy, or on account of the qualities 
of the water, it may be determined to erect masonry 
aqueducts of several tiers of arches, the proportions 
which ought to be observed between their different 
parts would appear to be that the height of the first 
tier should be equal to 2i times the opening of the 
arches ; the second tier should be made -5- less than 
the height of the first, and the third tier 7 less than 
the height of the second. In the construction of the 
celebrated aqueduct of Caserta, Vanvitelli neglected 
this sesthetical law, and he made the upper tier loftier 
than either of the lower ranges ol «t(^^^>JK^^ ^oSoet^ 
destroying the artistic beauty oi \\ie^ ^otV ^^^ "^"^"^^ 
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hardly likely that, after the execution of the ^eat 
siphon aqueducts of Liverpool and Glasgow, lofty struc- 
tures of this description should he again erected ; for 
the successful manner in which the immense reversed 
siphons upon the lines of water supply of those towns 
have heen laid, appears to prove that there is no longer 
any excuse for incurring the outlay which must attend 
the erection of monumental structures such as were 
necessary in the times of the ancient Eomans. 

240. The Turkish engineers introduced into their 
European dominions a peculiar system of interrupted 
reversed siphons, if such an expression may be allowed, 
which it may he worth while to refer to here, on 
account at least of the light it throws upon the history 
of the development of hydraulic science. They were, 
it is supposed} induced to adopt this peculiar systein 
for the purpose of saving, primarily, the outlay neces- 
sary for the construction of masonry bridges; and, 
secondarily, of diminishing the chances of rupture in 
the earthenware pipes of which the siphons were 
formed. The name for the system is ** souterazici ;" 
and it consists of earthen pipes, deriving their supply 
from an upper reservoir, thence descending a hill side, 
running along part of a valley, and mounting into 
an intermediate reservoir, supported upon piers of 
masonry, at a rather lower level than the first reservoir. 
From this second source of supply pipes were conducted 
down the opposite side of the pier, again along the 
valley, and successively into a third, or more, reser- 
voirs, at gradually decreasing elevations> and so on to 
the opposite side of the valley. • Evidently this was a 
very rude method of meeting the immediate difficulties 
of the case, and the loss of head upon the pipes, in 
Consequence of the numerous bends, must have been 
considerable ; but there was much ingeumts m\3aft\^ft«^ 



k 

o 



5: 
K 



^14 SUPPLY OF WATER TO TOWNS. 

and perhaps it may be considered to indicate a better 
acquaintance with the laws of hydraulics than we are 
accustomed to attribute to the nation amongst whom 
the system arose. There is a large work of this 
description erected upon the ruins of one of the great 
bridge aqueducts of the neighbourhood of Constanti- 
nople, which had been destroyed during one of the 
numerous sieges of that town. Perhaps the best 
description of the Souterazici is to be found in General 
Andreossy's work upon "Constantinople pendant les 
ann^es 1812-36;" or in Geniey's "Essai sm* les 
moyens de conduire et d'^l^ver les eaux ;" to which the 
reader is referred for further details. 

241. As was said above, the use of large metal pipes 
or mains, for the purpose of conveying water from the 
source of supply to the point of distribution, has of late 
years entirely superseded the necessity for the erection 
of aqueducts, excepting in the cases when the waters 
to be delivered are so highly charged with earthy salts 
as to render it dangerous to use pipes. The laws 
which affect the flow of the water in such mains have 
been partially discussed (in vol. i. §§ 36, 37, 89), and 
they will be examined more in detail hereafter, in the 
portion of this chapter wherein the ordinary modes of 
house supply are described. For the present it may 
suffice to say, that the material usually employed for 
this purpose is cast iron; and mains of 42 inches 
in diameter have been made of this metal. Very 
great precautions must be observed in laying pipes of 
such enormous diameter, and in regulating the pressure 
at intermediate points of their length ; whilst it is also 
necessary to provide self-acting valves, or hand- valves, 
easily closed, in order to obviate as far as possible 
the chances of a rupture in the mains. Upon the 
Liverpool Water Works, suppUedbj t\ve gte«t\,'Rimxi^TL 
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Pike reservoirs, Mr. Hawkesley introduced some very 
skilfully devised maclunery of this description ; and 
in the Minutes of the Institution of Civil Engineers 
for 1859, will be found a tolerably clear account of the 
valves and pressure regulators used upon the Melbourne 
Gravitation Waterworks. It is important'also to observe 
that the pipes leading from a distant source of supply 
to a distributing reservoir, must be placed (in fact, like 
all those required for a town distribution,) at such a 
depth from the surface, as to ensure their being 
beyond the limits of the effects of atmospheric varia- 
tions of temperature. In England, a depth of four 
feet is sufficient for this purpose ; but both in extreme 
northern and southern latitudes, it is necessary to 
descend considerably lower. In some portions of the 
distance between the ends of the mains it may likewise 
be advisable to insert double lines of pipes, and to 
make occasional connections between the two, in order 
that, in case of repairs to either of them, the flow may 
be maintained through the other. 

242. As it is often necessary, in the course of 
executing the works required, either for an open 
masonry or a close pipe track, to pass certain moun- 
tain spurs in tunnel, it may be advisable to observe 
that the dimensions and form to be given to such 
tunnels must necessarily be regulated (so far as their 
minima are concerned) by the practical consideration 
that the workmen must be able to use freely the various 
implements of their trade, and to push to the extraction 
pits the materials disengaged during their operations. 
The nature of the rock traversed will also affect the 
sectional area of the excavation ; for if it be of a nature 
to render lining upon the top and sides indispensable, 
as well as for the water channel itself, tlie dya^<^\s^<st^ 
ot the cross section must eNiflietiSL'j \i^ \sisst%»se.^^- ^ 
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miner can work with tolerable efiSciency in a heading 
of the size represented in the margin ; but it must be 
considered as the minimum in all cases, because the 
constrained position the workman 
would be obliged to assume in it 
would prevent his emplojdng the 
whole of his useful power, and if 
the dimensions of the heading were 
made less than those indicated, the 
workman would hardly be able to 
move forward without even any im- 
pediment. It is also important that 
the tunnel should be made sufficiently large to allow of 
its being easily visited and repaired. A very good 
example of a tunnel for receiving a conduit is offered in 
the Aqueduc de Ceintwre of Paris, represented in figs. 
1 and 2 ; for the dimensions adopted have been very 




Fit;. No, 1. 



Fig. No, 2. 




carefully calculated, in order to ensure the greatest 

efSciency, at the same time that they are as nearly as 

possible in accordance with the lawa oi economy. TK^ 
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AquedtLC de Ceinture runs round the northern part of 
Paris, and from it all the mains for the supply of that 
portion of the town derive their supply. It is about 
1-^ of a mile in length, and has a total fall of only 
4 inches, so that the flow of the water takes place 
simply in consequence of the difference of level caused 
by the withdrawal of the water through the various 
pipes branching from it. The section of the larger 
tunnel has naturally, under these circumstances, been 
made larger than is absolutely necessary for the mere 
purposes of easy execution and repair ; but the small 
tuunel is as near to the dimensions theoretically 
required for those purposes as possible. This smaller 
tunnel was executed upon the embranchment of the 
Aquedtic de Ceinture ^ formed for the purpose of sup- 
plying the Qtuirtier St. Laurent 

PUMPING MACHINERY. 

243. The various discussions of the previous part of 
this section have been made upon the supposition that 
the water is obtainable in such positions as to allow of 
its flowing by its own gravity to the place of distri- 
bution; but as it often happens that the source of 
supply is situated at a lower level than that place, it 
becomes under such circumstances necessary to employ 
some mechanical agent to raise the water. For the 
purposes of a town supply, the choice of the peculiar 
agent is practically limited to either steam or water 
power, according to the local circumstances of the town 
under consideration; and in both cases the motive 
power must be applied to pumps, because they alone 
of the various descriptions of intermediate machinery 
can force the water to the height and to the distance it 
is generally required to overcome in these cases. 

244. Evidently it would be ^xeiev«i!o\^ \»o ^^Qr^^v^^^z^Ms*- 
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power, wherever it exists naturally of sufficient extent, 
and of a sufficiently permanent character, because it costs 
very little for the daily working, or in fact hardly any- 
thing beyond the first outlay for the machinery and for 
the ordinary repairs. Steam power, on the other hand, 
requires a constant outlay for coals, and also gives rise 
to a more continuous and expensive outlay for repairs, 
maintenance, and attendance. But it rarely happens 
that such a water power is to be met with in the 
neighbourhood of large towns ; and in the majority of 
cases even wherein it exists, it is found that the 
streams creating the motive power are so exposed to 
interruptions in their flow, from ice, floods, or droughts, 
that they can seldom be used for the purposes of effect- 
ing a service in which regularity of action is a matter 
of such serious importance. The determining motives 
for the choice must then depend upon the cost of the 
maintenance of steam power, and the interruptions to 
which the water power may be exposed, supposing it to 
exist. If these interruptions should not be of serious 
duration, they may be obviated by the construction of 
service reservoirs at the summit level of the distri- 
bution ; but, of course, the expense of the construction 
and maintenance of these reservoirs must be taken 
into account in the comparative estimates. The pro- 
blem to be solved in all such cases is, in fact, how to 
raise within a given time the greatest quantity of water 
which may be required, at the least possible expense, 
not only for the moment, but eventually. 

245. In estimating the power to be provided, it is 
necessary to take into accoimt the weight to be raised; 
the height, or dead lift, to be overcome ; and the various 
causes of retardation of flow in the pumping main, 
arising either from the friction of the water upon the 
Bidea of the pipes, or from any change m t\ieic direction, 
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whether in a horizontal or a vertical direction. These 
last-named causes of diminished power will he dis- 
cussed hereafiker ; but practically they are considered to 
be met by allowing for an extra dead lift of 12 feet per 
mile of the conducting pipes between the engine and the 
reservoir, unless any very extraordinary vertical bends 
should occur. For instance, let it be supposed that 
1000 gallons per minute are required to be raised to 
a nett height of 120 feet above the lowest clack of the 
pumps, or the water-line in the well, and to be dis- 
charged at the distance of 2^ miles. Then, as a gallon 
weighs lOlb. avoirdupois, the calculation would become 
in round numbers, 10,000 x (120 + 30)= 1,600,000, the 
moment of resistance. Now, as a horse-power is 
considered to be equal to 33,000 lb. raised 1 foot 
high per minute, theoretically the power should be 
1,500,000 -^ 33,000 =45-46 horse-power. But a steam- 
engine rarely works up to the nominal power, and a 
water-wheel falls short, even to a greater extent, of 
producing the effect calculated upon ; so that in cases 
where the former is to be used, it becomes necessary to 
affect the theoretical result by a co-efficient of 0*85 ; 
and where the latter is used, by a co-efficient of 0*75, 
for the most perfect description even of water-wheel, 
and during the period of its being in perfect working 
condition. In order, therefore, to perform the duty 
above specified, it would be necessary to provide a 
steam-engine of about 53*5 horse-power; or a water- 
wheel of about 60'7 horse-power, nominal. 

246. The towns of Philadelphia and Eichmond, in 
the United States, and of Toulouse, in France, are, 
amongst others, supplied by means of water-wheels, all 
under-shot. Of tiiese, the wheels at the Fairmount 
Water Works, Philadelphia, are the most remarkahU^ 
on account of the volume oi 'wa^T >3ckfc^ «t^ ^^'^s©^'^^ 
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to lift. This was not less than 10,000,000 gallons per 
day, with a dead lift of 92 feet, and discharging the 
water through cast-iron mains 16 inches diameter. The 
works were originally executed in 1822,. and even at 
the present day it would appear that they are able to 
perform a working average of not less than 8,379,229 
gallons delivered into the reservoirs. There axQ eight 
breast- wheels, 15 and 18 feet in diameter, with 15 feet 
length of bucket, and one Jouval turbine 7 feet diameter, 
giving motion to 9 double-action pumps having cylinders 
16 inches in diameter, and a length of stroke of 5 feet;, 
but the turbine and its pump are hot yet in working 
order : the fall of water is 7i feet, and the wheels make 
18 revolutions per minute. At Richmond, there were 
two wheels 18 feet diameter, 10 feet on the face,, 
with a 10 feet fall, working two pumps and raising 
800,000 per day into reservoirs situated at 160 feet 
above the low-water line. At Toulouse, the wheels are 
14 feet 5 inches diameter, 5 feet on the face, with a 
fall of 7 feet 6 inches ; they are two in number, and 
raise about 896,000 gallons per day to a height of 67 feet 
above the water in the well. 

247. The description of water-wheel to be employed 
must, of course, depend upon the conditions of the flow 
of water in the river producing the motive power ; it 
may be under-shot, over-shot, or breast, according to 
the height of the fall, or the volume flowing through 
the sluices. Of the under-shot wheels, those con- 
structed upon Poncelet's system with curved floats and 
working in a close concentric race, or channel, are the 
most economical, and yield the greatest effective power. 
With a fall of 5 feet, or under, they produce a dynamical 
action equal to 0*75 of the theoretical power employed ; 
with greater falls this co-efficient descends to 0*C0 ; 
but in the case of under-shot wheels with straight floats 
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the effective dynamical power rarely attains even 
the latter co-efficient, and they have, moreover, the 
serious inconvenience of being exposed to be ren- 
dered unserviceable with a much smaller amount of 
back-water than is able to stop the working of a 
Poncelet wheel. 

248. Over-shot wheels produce a useful dynamical 
effect, which is sometimes as much as 0*80 of the power 
actually exerted upon them; but under the ordinary 
conditions of working, and with a velocity of the 
periphery of about 3 feet 6 inches, or 7 feet per second, 
the useful dynamical effect is only equal to from 0*75 
to 0'70 of the power. This description of wheels 
requires that the supply of water should be uniform, 
and that directly the water has left the wheel it should 
flow away freely. At times these conditions can only 
be obtained with difficulty, and under such circum- 
stances the breast- wheel is resorted to ; because it can 
work imder greater variations in the supply, and with 
a greater amount of backwater during times of flood 
than are admissible with over-shot wheels. If the 
breast-wheels be constructed with the best modern 
improvements, they will be able to produce a useful 
dynamical effect, which may safely be calculated at 
0*75 of the power employed. 

249. As was before mentioned, turbines have occa- 
sionally been employed for the purpose of raising water 
for the supply of towns ; and they certainly possess the 
remarkable advantages of being able to work under . 
almost any fall, and of producing useful effects, with a 
very wide range in the velocity of their revolutions. 
They are said to yield a dynamical effect varying from 
0*70 to 0*75 of the power, and they may be employed 
in cases where no other description of water-wheel 
could possibly succeed. In Eh^IwdA^ M}a& wX>3>ks\ss^^ 
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application of the tiirbine to a town water sapply is at 
Weymonth, where a machine of this description has 
lately been erected under the orders of Mr. Hawksley. 
The foreign engineers seem, however, to be more con- 
Tinced of the advantages of this description of water- 
wheel than our English engineers generally are ; and the 
principles of this class of machinery have been discussed 
both in France and in America, in a series of publica- 
tions mentioned in the Appendix : very little of value 
upon the subject has been published in our own 
country. 

250. In most of the large towns of England wherein 
it is necessary to employ mechanical power to raise the 
water, steam-engines are generally used, for the reasons 
before mentioned, or because the water power of the 
locality has been already appropriated. UntQ within 
a very recent period it was considered that when the 
power of the engine was required to exceed from 20 to d& 
horses, the description of engine known as the Cornish 
engine was the most advantageous ; but the results of 
the observations lately made upon the working of the 
double-action engines erected by Messrs. Simpson for 
the Chelsea and Lambeth Companies, and by Messrs, 
Bolton and Watts for the New Eiver Company, would 
appear to re-open the controversy with respect to 
the merits of the various systems of pumping engines. 
Below the limits above mentioned there is» how- 
ever, a decided advantage in using the most direct 
acting engines, both in respect to first cost and to sub** 
sequent working ; or even in using small horiaontal 
engines with fly-wheels, communicating motion to shafts 
bearing the pump-rods. In the case of the Cornish 
engines, or rather in any case wherein it may be 
necessary to raise lai^e quantities of water to great 
Lejgbts, the most favourable couditions of movement in 
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the pumps are, thai they should begin by raising the 
load rapidly ; and that when the first motion is perfectly 
determined^ the effort used to move that load should 
be diminished progressively; so that»in faet, the motive 
power shall cease to act befc^e the piston shall arrive 
at the end of the stroke. This is effected, in the 
Cornish engines^by introducing steam at great pressure 
upon the piston, through large orifices ; the steam is 
then allowed to expand directly the inertia of the water 
has been overcome, and it has assumed an ascentional 
movement, which may be maintained by a very small 
additional effort In the engines used for raising water 
from the Comi^ mines themselves^ the initial pressure 
of the steam is about from 2i to 3 atmospheres ; the 
expansion begins at from i to i of the stroke of the 
piston ; and at the end of the stroke the pressure is not 
more than from -^ to ^\ of an atmosphere. In small 
pumping engines,, on the contrary, it ia necessary that 
the action should be uniform ; and on this account it 
is advisable to divide the action in such a manner 
as to work three pumps, by means of cranks, form- 
ing with one another angles of 120^ upon the same 
shafL 

^51. In the greid London Water- Works the style of 
engine usually adopted is the Cornish engine ; and it 
may be worth while to mention here> that in the East 
London Water-Works estaUishment the largest single 
machine of this description has^ been erected within a 
ve»y few years, under the orders of Mr. C. Greaves. 
This engine has a cylinder of 100 inches in diameter, 
and 11 feet stroke, working a loaded pole of 4 feet 
2 inches diameter with a velocity of 6 strokes per 
minute, and raising no less than 150 cubic feet of 
water in a stroke. But, as was said in the last para- 
graph, the experience of modeiu ^xi^^i^^"^^ wg^^'sx.'^ Ni5» 
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lean in favour of the use of beam and fly-wheel engines ; 
and if all that is reported of the action of the machines 
erected for the New Eiver and Lambeth Companies be 
correct, there would appear to be no doubt as to the 
superior efficiency of the principle upon which they 
are designed. The engines erected at the New River 
Head are of two kinds : four of them are double-cylinder 
engines^ in which the high-pressure steam of the first 
cylinder acts expansively on the second, made by 
Messrs. Simpson and Co. ; and the remaining two are 
single-cylinder engines, with a comparatively speaking 
small stroke, made by Messrs. Boulton and Watts. 
Many years since it was said that these machines were 
able to perform a duty equivalent to 98 million lb., 
raised one foot high, by the combustion of one cwt. of 
coal ; and now the duty is said to be even carried so 
high as 120 million lb. Unfortunately, the experi- 
ments from which these results were obtained were 
not made contradictorily ; and they must therefore be, 
for the present, received with caution. There is, how- 
ever, one undoubted advantage possessed by the fly- 
wheel over the Cornish engines; viz., that they are 
capable of working at very different rates of delivery. 
In a town supply this may often become a matter of 
serious importance, as the demand is subject to very 
unexpected variations of an accidental nature; but 
again, it must be observed that the working details of. 
the latest pumping engines, of whatsoever .jdescription 
they may be,. have been so carefully adjusted that they 
are even used without any regulating reservoirs or the 
old-fashioned stand-pipes so generally erected at the 
beginning of this century, and that the drivers of 
the engines can easily meet almost all the variable con- 
ditions of the consumption. 
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252. Between the pumping station or the collecting 
reservoirs of a water supply, and the point where the 
distribution to the various parts of the town commences, 
the water flows through a simple pipe of an uniform 
sectional area ; and, as far as possible, with a constant, 
uniform velocity. In its course through pipes gene- 
rally, however, the flow of the water is retarded by a 
series of resistances, which practically may be resolved 
into those depending — 1, upon the friction on the sides 
of the pipes; 2, the loss of velocity occasioned by the 
bends ; 3, the loss arising from the changes of direc- 
tion from the mains to the submains or branches, if 
any such should exist ; and 4, the gurgitation which 
occurs at every interruption in the flow. These retard- 
ing influences will be examined in order. 

253. The friction on the sides of pipes depends prin- 
cipally upon their diameters and lengths, and upon the 
head, or column of water upon the respective orifices 
of supply and discharge ; and practically, this result is 
again modified by a co-efficient varying with the velocity 
of the water, and, if M. Dupuit's observations be cor- 
rect, with the nature of the material of the pipe itself. 
For all practical purposes it may be sufficient to con- 
sider that the quantity of water flowing through a pipe 
of uniform diameter, receiving its water from a reser- 
voir at a high level, and discharging it into another 
reservoir at a lower point, without any change in the 
direction of the pipes, may be ascertained by the for- 
mula Q=cv^ ^"^^~^ D'; in which Q= the quantity 

A 

sought ; C = the difference of level between the. ^-^fct^s^ssfc 
orifices; A = the lengtli ot tlie Y^^e\^ = •Osv&X^^'^Ss. 
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upon the upper, and H', the head upon the lower 
orifice ; D = the diameter of the pipe ; and c = a co- 
efficient to be derived from the following table : 



per secoud. 



2 in. 

15-06 



4 in. 

17-22 



8in. 

18-88 



12 in. 

19-50 



16 in. 

19^84 



20 in. 

20-07 



nte. 
30-79 



and for any velocity beyond c = 21*043. 

254. This formula, however, cannot be applied unless 

the velocity is previously known; and if this should 

not be ascertainable by actual observation, it may be 

H 4- C H' 
calculated as follows :— make K= ^ , in which 

the notation of the preceding section will be followed; 
then we should have, according to De Prony's formula, 
as given by Playfair 

V= — •154118H-^-023751 + 32806-6x^^ 

255. In practice the conditions usually met with are 
not so simple as those above supposed, and it theref<xre 
becomes necessary to adopt other methods of ealcn- 
lating the quantity dischai^d, as affected by the re- 
sistance, which methods may be described nearly as 
follows, in the words of D'Aubuisson, the author of the 
best practical and theoretical treatise on hydraulics to 
be found in any language. When water flows from a 
pipe, the vertical height of the fluid in the reservoir 
above the discharging orifice is called the head, and it 
is represented in all D'Aubuisson's observations by H. 
The velocity due to this head is, however, diminished 
by the friction upon the sides of the pipe ; so that the 
portion of the head acting upon the discharging orifice, 
can only be represented by the height able to produce 

^Jbe observed relocity of discharge. If this velocity be 



MAINS AND DISTBIBUTINa PIPES. 227 

called V, the height producing it will be — ; and H— — 

2sf 2g 

will be the portion of the head destroyed in creating 
it ; this portion, expressed in round numbers, is known 
as the " loss of head." He then continues to observe 
that, as the loss of head is caused mainly by the action 
of the sides of the pipes, it will be proportional to theii* 
length and to their contour. But in proportion as the 
section of the pipe increases, the resistance from fric- 
tion on the sides will diminish, because it will be dis- 
tributed over a greater number of fluid molecules, and 
will consequently affect each one, as well as the whole 
mass, to a less extent; the resistance from friction 
will, in fact, be in the inverse ratio of the sectional 
area of the pipe. The retardation, then, will be pro- 
portional to the square of the velocity, with an addition 
of a fraction of the simple velocity itself. It is also to 
be observed, that in the course of these observations, 
the pipes are always supposed to be full ; for if they 
were not so, the flow of the water would be regulated 
by the laws which affect it in its passage through ordi- 
nary open culverts. 

256. Then calling the length of the pipe L ; the 
sectional area S; the wet contour C; and the two 
4;o-efficients it is necessary to introduce a, b ; the ex- 

C Ii 

pression of the resistance will become a -^ — (v'+ftt), 

and we should have H "-^^ ci—^{v* + h v). It 

is then only necessary to ascertain the values of the 
oo-efficients a, b, in order to apply the formula to 
ordinary purposes. Almost every author who has 
written upon this branch of the science of hydraulics, 
has attributed different values to them ; so that great 
uncertainty is still attached to tk^ <iOTcx^^\»%^c5iia^^^^*^SK^ 
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problem. But it appears that the formula and values 
given in Weisbach's Mechanics are sufficiently accu- 
rate for practice. That author calls the loss of head 
occasioned by the friction h , and confining his atten- 
tion simply to the length and diameter of the pipes, he 

IT /.. ^, .00 . 0-017963\ I V* ^ T, . , 
makesfe.=( 0*01482 + 7^ — J— '--feet. It is true, 

Messrs. Provis and Peacock's experimental inquiries 
appear to indicate an important error, even in this 
estimate of the values of the respective co-efficients ; 
but as the results obtained from their application are 
admitted to be always in excess of those rigorously 
wanted, it would certainly be adviseable to adhere to 
them in designing any works for the distribution of 
water through pipes ; because any imperfection in the 
manner of laying, or any sudden increase in the 
demand, might render necessary the supposed exag- 
geration of diameter they would lead to. 

257. It is, perhaps, the more adviseable to adopt 
formulae which would lead to the use of pipes slightly 
in excess of those required to discharge, at first, the 
quantity of water assumed to be delivered ; because in 
all pipes, as we have before seen, the effective dia- 
meter becomes reduced by the deposition of the 
salts contained in the water, or by the oxidation of 
the pipes themselves. Even in cases where the 
diameter of the main conduits has been rigorously cal- 
culated, it is customary to allow an additional ^-inch, 
in order to counteract the effects of the incrustation. 

268. The friction, and consequent loss of head, 
upon water flowing in pipes, is considerably increased 
by any changes in the direction of the pipes, whether 
horizontally or vertically ; and this increase is found 
to be in a certain definite proportion dependent upon 
the ratio of the diameter of the tube to ttie x^k-dm-a of 
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curvature of its axis. Navier states that the formula, 

Ai=-^( 0-0039 — + 0-0186 ) — in which r = the 
2g\ r / r 

radius of the curvature, and a = the development of 
the arc, will represent the loss of head thus occa- 
sioned. According to him, also, it would appear that 
A 4 is proportional to the square of the mean velocity, 
and to the length of the arc ; that it is a function of 
the radius of the ai-c, and independent of the diameter 
of the pipes ; and that hi decreases in proportion as r 
increases. It is usual to make r of the following 
dimensions, when it is desired to apply the above 
formula to the case of side mains branching off from 
a leading main ; — 



Diameter 
Radius r 



2 to 3 in. 
1 ft. 6 in. 



3 to 4 in. 
1 ft. 8 in. 



6 inches 
2 ft. 6 in. 



8 inches 
3 ft. 6 in. 



10in.and | 
upwards. | 

5 feet. I 



259. It is to be observed also, that the rate of 
delivery in pipes with vertical bends is affected by the 
accumulation of air at the summit of the bends them- 
selves, and by the loss of that portion of the initial 
dynamical effort which is required to overcome the 
resistance of the column of water to be lifted on the 
lower side of the bend. The former of these incon- 
veniences may be obviated, if required, by placing air- 
vessels at the top of the upper limb ; the latter is 
overcome by accelerating the rate of flow in the pipe, 
immediately before tTie water arrives at the bend. But 
under any circumstances it is desirable that the pipes, 
in which there are mj deviations from the straight 
line, should be kept constantly full, in order to pre- 
vent as much as possible the accumulation of air in 
them. In laying great leii%\k& oi\^'a.^\xi%Tft»ssia.o^>s. 
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customaiy to place the axr-Tessels, or the pra w ofe 
regulators, upon the sammits of the most important 
vertical bends. 

260. The formula which expresses the conditions of 
the flow of water in a pipe of uniform diameter^ and 
working under a constant pressure, ceases to be applic- 
able when there is a series of side branches or of sub- 
mwis, deriving their supply immediately from the 
principal one. During the course of the distribution, 
a difference in the volume of water passing through the 
pipes must necessarily arise from the mere fact, that a 
portion of the water will be drawn off by the side 
mains; and therefore, in the latter parts of their 
course, the supply mains must be proportionally 
diminished to the service they are designed to supply. 
But it may sometimes happen in practice, that the 
cost of new models for smaller pipes may be so great 
as to render it more economical to retain the original 
dimensions of the mains; so that this question of 
detail must be carefully considered in forming the 
oomparative estimates of the various modes of effecting 
the supply. It is, however, always necessary, foe£c»« 
deciding the dimensions of any main pipe, to iaks into 
Kocount not only the absolute theoretical requirements of 
the case, but also the probability of any eventual increase 
in the supply which the mains may have to carry. 

261. Mr. Hawksley stated that the method he 
adopted to a,scertain the diameters to be given to the 
pipes laid down tipon what is called the constant 
delivery system (in which the pipes are always under 
charge, and no cisterns are used), is to divide iJote length 
of the main in a street into portions of 200 yards 
each, and to assign to every such portion the quantity 
of water it would be likely to require, on the -suppo- 

si^on that that qu&atity woold b^ diEchax^^ in 
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four hours. He then allows for a loss of head equal 
to 4 feet in every 200 yards, and adopts, in calculating 

the diameters to be given, the formula, ^r v^ ^r— =<^> 

Id ^ h 

in which g= the number of gallons ; I = the lengtli of 
the main in yards ; h = the head in feet ; and d = the 
diameter required, in inches. The system recom- 
mended by Claudel in his "Formules k TUsage de 
ring6nieur," is, perhaps, more theoretically correct 
than the one thus recommended by Mr. Hawksley, 
although it is certainly more difficult, and more tedious 
in its application. It may be stated, as nearly as 
possible in the words of the original, as follows : — 

262. Case First. Let it be proposed to ^supply a 
district of a town by means of a pipe of uniform dia- 
meter throughout its length, and discharging the water 
through pipes constantly flowing; then the diameter of 
the pipe should be sufficient to ensure the delivery of 
the water from each opening at a slight distance above 
the points of discharge themselves at the extreme end 
of the district. This diameter is, for the purposes of 
calculation, assumed ; and the loss of head for the dis- 
tance betwen A and B is calculated in the usual way ; 



^ 



I 



and this loss being deducted &om the original head, 
will give the head acting effectively at B, which must 
be at least sufficient to ensure the delivery of the 
water from all the oriflces upon the said branch B. 
The loss of head between B Wifli C» v?^ %.^f:«tNais^'^V^».'i 
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similar manner, it being observed that the quantity of 
water discharged by the main will be, of course, 
diminished by the quantity withdrawn by the branch 
B; and, as before, the head thus actually existing 
ate must be sufficient to ensure the supply of all 
the orifices upon the branch. Proceeding in this 
manner it will be seen whether the head upon the 
Isat division of the main will suffice to supply the 
demand upon it. If this should not be the case a 
larger diameter must be used, if the head cannot be 
increased ; or if the head at the end should be in 
excess of that which is absolutely required, a smaller 
diameter may be adopted. 

263. Case Second. Let it now be required to deter- 
mine the diameter of a pipe receiving water from both 
ends, and supplying in its length certain orifices dis- 
charging definite quantities. In such a case it may 
happen that some of the orifices are supplied entirely 
from A ; some entirely from B ; whilst some, as D for 
instance, may derive their supply partially from one or 
from the other end, or it may be from both. Then the 



n 



diameter of the main, in either of the parts D A, D G, 
must be such that if D be suppKed from both ends, 
the effective head at D and the consequent entry of 
water from both sides should be equal. It is necessary 
to proceed by approximation as in the last case, in 
order to ascertain whether this condition be or be not 
attained, and to assign some imaginary diameters to A 
and G ; and after deducting the losses of head occa- 
jsj'oned by the seyeriil branches B, C, E, F, the remain- 
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ing effective heads upon the respective portions of the 
main at D will be determined. Should those heads 
not be equal, the dimensions of the mains must be 
altered as the results obtained may indicate. 

364. Case Third. Should the supply main derive its 
waters from two pipes whose delivery is known, and 
should it be desired to determine the diameter of the 
pipe from A to B, so as to ensure a particular distri- 
bution upon its length, the course to be followed may 




be thus described. A certain approximate diameter is 
assigned to A B, and as the discharge is known and 
the difference of level between A and B is also supposed 
to be known, the effective head required to ensure the 
supposed conditions may easily be ascertained. If 
then the diameters of A C and A D be also supposed, 
as the volume supplied by them respectively is known, 
it will be easy to calculate the loss of their initial heads 
by the time the water arrives at A. The heads of the 
respective columns of water at this point must be 
equal, and suflScient when united to ensure the delivery 
supposed to take place between A and B ; if the dia- 
meters of the several pipes should not be such as to 
ensure these conditions, they must be modified accord- 
ing to their excess or deficiency. 

365. When the distribution takes place by means of 
a conduit of different diameters, it will be found that 
the system of calculation indicated in the first illustra- 
tion will suffice to ascertain the required conditions ; 
because the diameters of the pipes are constant between 
two successive openings, and the rate of delivery be- 
tween those openings is also umtorcDL. '\.\»\%\\fc^^'^^'s2S7^^ 
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however, in calculating the losses of head wfaieh occur, 
to allow for the differences introduced in the diameters 
of the respective portions of the main. 

266. In carrying out the working details of any 
town distribution of water, it is necessary to observe 
numerous precautions, in order to protect the pipes 
from injury by external causes. In § 235, attention 
has been already called to the effect of variations oi 
temperature in the atmosphere, and it may be interest- 
ing here to add that in such positions as Montreal or 
St. Petersburgh, the water in pipes has been frozen 
even at six feet depth from the surface. It was generally 
supposed that the temperature of the water was at all 
times affected by the temperature of the ground in which 
the pipes were laid ; but from the experiments made 
by M. Girard (See his ''M^moire sur la Pose des 
ConduUes d*Eau dans la Yille de Paris," ISdl), which 
have been confirmed by subsequent observations in 
other countries, it wotild appear that at whatever tem- 
perature water may enter a pipe it will leave the pipe 
at precisely the same temperature, if the rate of flow 
foe maintained constantly. In a municipal distribution 
of water it is impossible to secure this condition^ for 
the consumption of water takes place in a very variable 
manner, according to the wants or to the habits of the 
population ; and it tiierefore is necessary to place the 
distributing mains beyond the possible action of fiost 
Moreover, in towns it is essential .to place the mains at 
a sufficient depth from the surface to guarantee them 
from the vibrations in the soil of the roads produced 
by the traffic ; and also if gas should be used, precau- 
tions must be taken against contamination by the gas. 
A minimum depth of four feet will suffice to secure the 
former object, and the danger from the escape of gas 
ds to some extent ohviated by placing the water pipes 
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at a lower level than that of the gas pipes. It Biay 
be here *dded, that M. Girard found that the lineal 
dilatation of east iron pipes was eqoai to 0*00000000228 
of a foot for <every additional degree of Fahrenheit^ if 
they were free and in the open air ; but that ydnen the 
]|Hpes were filled with water and buried in tiie ground 
the dilatation was considerably reduced. The pipes 
themselves under the latter conditions assumed tem- 
peratures which were functions of the difference of 
temperature of the surrounding media, but whidi were 
nearer to Uiat of ike ground, or denser medium, than 
to that of the water. 

267. A very important precaution to be ol^erved in 
the execution of a municipal water supply is, that what 
4ire technically called dead endi should be avoided, or 
in faet that there should be no portions of the mains in 
which the water should not flow freely. It is essential 
^dso to make every sub-main and if possible every house 
service, independent of the other portions of the distri- 
bution, in order that when repairs are Tequired of a 
nature to render it necessary to shut off the water in 
any particular place, the interruption in the service 
may affect as few houses as })ossible. For the purpose 
of thus shutting off the water, ilviees, or as they are 
sometimes very incorrectiy called k^dranta, are |daoed 
close to ike embrandunents of the sub-mains upon the 
principal ones; and these sduioes liave an occasional 
additional advantage from the power iher^ confer of 
temporarily stc^pping the prii^ate distribution, if it 
should foe required to concentrate the supply to any 
one place on the occasion of a £re or other aeddent. 
Small stop cocks are to be fixed at the junctioBS of the 
house Bcrvices for similar purposes. 

268. Fire plugs are placed in London at ^tanoes 
varying in the districts of eack Bfei|j%xate^«iTw^«2K^%>ff^ 
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it appears that upon the average there is a fire plug to 
every ten houses, and in the New River district, per- 
haps the best organised of the older London Companies, 
there is a fire plug at every interval of 73 yards upon 
the services, and of 157 yards on the mains. In 
large towns also it is advisable to fix stand pipes at 
distances of about 500 yards for the supply of water 
carts. This branch of the public service is found to 
require a supply of about 1 J pint of water for «very 
yard superficial, and for every time that the watering 
is performed. In our climate it appears that the streets 
thus require to be watered for 120 or 135 days in the 
year ; and in summer it may frequently be necessary 
to water the roads twice in the day. Mr. Hawksley, 
however, adds to the observations usually made upon 
the consumption of water for roads, that the nature of 
their surfaces will materially aflfect the amount; and 
he assigns as the usual proportions one ton of water to 
every 600 square yards of macadamised roads, or to 
every 400 yards of paved ones* A considerable quan- 
tity of water is also used, in some English towns espe- 
cially, to cleanse the sewers and drains; and it appears 
from Parliamentary returns that the proportion of the 
water thus supplied for street watering, fires, scouring 
sewers, &c. is about 2 per cent, of the total quantity. 
In continental cities, however, the proportion of water 
thus used, without directly entering into what may be 
called the private or the remunerative consumption, is 
far greater than it is with ourselves, for the bulk of the 
water supplied to the former is employed in the orna- 
mental fountains, or the small homes fontaines as the 
stand pipes which serve to clean the gutters or water- 
courses are called. The homes fontaines in fact render 
great service in hot countries, and under certain deve- 
lopments of civilization ; and as in all -giobability their 



MAINS AND DISTBIBUTINa PIPES. 237 

application in the cities of our own tropical possessions 
might be advantageous, a short description of them 
and of the system of distribution of which they form 
part is subjoined ; it is based upon the system actually 
applied in Paris. 

269. There are several reservoirs established in the 
various quarters of Paris ; but in the day time, the 
water, instead of passing from the main feeders to them, 
is diverted into the sub-mains, and allowed to flow from 
a series of small stand-pipes into the street gutters ; 
at night these stand-pipes are closed, and then the water 
flows into the reservoirs, where it is stored for the 
supply of those parts of the town which are not imme- 
diately upon the lines of the principal mains. The 
homes fontaines are at the charge of the municipality, 
and they flow during the summer months, at three 
separate intervals of one hour each, or three hours per 
day, discharging in that time 650 gallons of water ; in 
winter they only flow for two hours per day. Generally 
speaking they are placed at distances of about 410 feet, 
and wherever it is practicable they are placed at the 
culminating point of a gutter, so that the water may 
divide and enter the sewers as rapidly as possible after 
flowing in both directions. The necessity for this 
apparent waste of water arises from the fact that, in 
Paris, it is customary to discharge all household refuse, 
such as we consign to the dust-bin, into the street 
kennels, and therefore a copious flow of water is 
required to keep those kennels clear. Moreover, the 
flow of water from the fountains serves to cool the air 
in the close narrow streets of that town, in which the 
sun's rays are reverberated with singular intensity on 
account of the material used in the construction of the 
houses. It appears that more than half the total 
quantity of water brought into P^Lxi^ V& ^wix^^^Ss^^ *^^ 
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kennels througli these homes fontaines, so that in fact 
the quantity left for private distribution must be Yery 
small indeed. As the gross average supply of Paris 
does not exceed twenty gallons per head per day, and in 
addition to the stand-pipes, the water columns, orna- 
mental fountains, and trade consumptions have to be 
supplied from the same source with the private con- 
sumption, the latter cannot exceed, even if it attain, 
five gallons per head per day ; and it is important to 
observe, when comparing the ultimate benefits of the 
systems respectively adopted in France and in England, 
in Paris or in London, that in the former no high 
service actually exists, and practically water is sold by 
the pail, whilst in the latter, water is obtainable at 
almost any reasonable elevation, and the price is so 
low as to induce, as was before said, rather a profligate 
waste of water. 

270. Until within a very few years the supply of 
water to private consumers was effected in all countries 
upon what is now called " the intermittent system,'' 
that is to say, that the distribution took place under 
low pressures, and at stated intervals. In these 
cases the water was brought into the houses by lead 
pipes, branching upon the mains in the street, and 
leading to cisterns provided with ball-cocks, and waste, 
or overflow, pipes for the purposes of stopping the 
supply when the water had risen to a certain level in 
the cistern, or of carrying away any surplus quantity 
delivered ; and the water was stored in these cisterns 
until used, or thence raised by the inhabitants of 
the houses by force-pumps to any greater altitude 
which they might require. The changes which have 
taken place in domestic habits of late years have, 
however, rendered it necessary to supply water even in 
^Ae upper etoiieB of dwelling-houses; and even upon 
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the intermittent deliTery a great change in the height 
of the service had been forcibly introduced before the 
constant delivery system had been prominently bronght 
before the public. Thus, in London itself the service 
was divided into the high and the low services, for 
which there were corresponding differences of charge. 
The ** low service" was understood to mean that the 
water was delivered at a height not exceeding from six 
to nine feet above the level of the roadway in front of 
the house ; whilst the "high service" was comprehended 
within a level of about thirty feet above the same level, 
and included every delivery above the six or nine feet 
before mentioned. Upon either the high or the low 
service, however, it is necessary to resort to the use of 
cisterns, so long as the delivery is intermittent; and 
as the first cost and the subsequent maintenance of 
the machinery and of the cisterns themselves is great, 
and the cleanliness of the cisterns requires constant 
attention, it is not surprising that earnest efforts should 
have been made to avoid the evils which certainly are 
attached to the intermittent delivery. 

271. It was for this purpose that Mr. Hawksley 
introduced the system now generally known as " the 
constant delivery," in which the mains and service pipes 
are kept constantly full, under very great pressure, so 
that water can be drawn from them in finy quantity, 
and at any level in the houses supplied. It will at 
once be perceived, tliat with such a mode of distribu- 
tion there can be no occasion for the use of cisterns, 
and that tilie water would, with a few precautions, be 
kept in a state of purity which cannot be secured when 
it is stored in those receptacles. But it is essential 
also to observe, that in order to resist the hydraulic jar 
produced by abruptly closing the service pipes after 
withdrawing water, it is necesswj to %AlQ^^. ^ ^^vk^ 'c^ 
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internal distribution, and to introduce internal fittings 
which axe often of a more expensive character than 
those which would suffice for a distribution upon the 
intermittent system. There is a more serious objec- 
tion to the high pressure constant delivery, however, in 
this respect : that unless great precautions are taken, 
and a very strict supervision be exercised, a very 
enormous increase in the consumption of water will 
inevitably take place, as was previously observed in 
§ 198. So seriously, indeed, has the consumption of 
water (or rather its waste, for it can never be fairly 
consumed,) increased in some towns^ that it appears to 
be almost necessary to render the use of meters com- 
pulsory. In fact, as the ordinary charge for water is 
M. per 1000 gallons, the price is nearly the same as 
that charged for gas, and there can be no reason why 
a profligate waste of the one article should be tolerated^ 
whilst that of the other is practically restrained. Un- 
fortunately there is no satisfactory high pressure meter 
yet made, so that for the present a great deal of waste 
must be tolerated, if the constant delivery at high 
pressure be introduced. It may thus be unadvisable, 
even in a new work, to introduce the constant delivery; 
and it may also be utterly impossible, with any due 
regard to economy, to modify an old established work, 
in order to introduce that system, notwithstanding its 
manifest theoretical advantages. The choice of the mode 
of distribution is, indeed, a mere matter of economy, and 
the appreciation of the importance of the various condi- 
tions able to determine the selection must always consti- 
tute one of the most delicate parts of an engineer's duties. 
One of the most mischievous errors of the late General 
Board of Health consisted precisely in the absolute man- 
ner in which it compelled the adoption of this constant 
deh'reryatbigb pressure, under every possible condition. 
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272. The great irregularity which takes place in the 
consumption of water during the various hours of the 
day renders it necessary to use pipes of larger dimen- 
sions for the house services, upon the constant delivery, 
than would be required upon the intermittent one ; for, 
as the supply is taken directly from the service pipes in 
the former case without the interposition of any cistern 
or regulating storage vessel, those services must be 
large enough to allow the water to be drawn oflf very 
rapidly. The observations made by Mr. Martm of 
Wolverhampton upon the rate of consumption during 
the different hours of the day, may throw some light 
upon this subject, and they are therefore subjoined. He 
stated, in the Appendix ii. p. 67, of the (very equivocal) 
Eeport of the Board of Health on the Water Supply of 
the Metropolis, that the consumption varied as follows: 
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demand upon the mains occurred between the hours 
of 10 and 12 in the forenoon, and between ^ and 4 
in the afternoon ; but these conclusions can only be 
taken to be rigorously correct for the town particulaiiy 
observed, and they may be, even in that town itself, 
materially influenced by the atmospheric conditions of 
the period when the observations are made« One 
thing is, however, proved by Mr. Martin's analysis, 
viz., that about f of the total supply is, upon the 
constant delivery, drawn off between the hours of 8 
in the morning and 8 in the evening; and that on 
many occasions as much as Vo of the total quantity 
may be withdrawn in one hour. Mr. Hawkaley's prin- 
ciple of assuming that it is necessary to make tiie pipes 
big enough to discharge ^ of the whole quantity in one 
hour, must therefore be considered to be justified by a 
due regard to the eventual requirements of a town 
which is likely to increase. 

374. The following statistics of the consumption of 
water for the ordinary purposes of life may be here 
stated, as they will furnish the elements of calculating 
the dimensions of house services. Thus — 

A bath requires on the average, each Gallons. 

time it is used . . . 75 
A horse requires per day, about , . 16*5 
A two-wheeled private carriage, per day 8*8 
A four-wheeled ditto ditto . 16'5 

Each individual in a house • . 4*4 to 

8-0 
Every yard superficial of garden ground 0*33 
Ditto, ditto, of roadway, per service 0*22 

275. Before closing this section it may be as well to 

advert to the various descriptions of pipes used for the 

disin'butiou of water, to their effects upoo the quality 
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of the supply, and to the rules usually adopted for 
calculating their dimensions. These descriptions may 
be briefly stated to consist of cast-iron, wrought-iron 
(whether galvanised or not), and lead; and each of 
them gives rise to a special class of phenomena. Thus : 
cast-iron pipes^ which are most commonly adopted, 
are preferred on account of their original sti'ength 
and rigidity, of the facility with which they can be 
adapted to any change of direction in the line of 
pipes, and of their durability. Some waters, however, 
appear, as was before observed, § 192, to exercise a 
remarkable influence in developing the oxidation of 
cast-iron, and in producing tubercles which diminish 
the sectional area of the water-way, and render neces- 
sary frequent examination and cleansing of the pipes. 
Notwithstanding the discussions which have taken place 
on this subject, it is still involved in great obscurity ; 
and the opinions expressed by M. Payen, in 1837, seem 
still to represent the most satisfactory known theory as 
to the mode under which the oxidation takes place. 
From a note by that eminent chemist, inserted in the 
" Annales des Fonts et Chauss^es," of 1837, it would 
appear that the slightly alkaline, aerated, waters are those 
which are the most likely to produce the effect above 
mentioned. The oxidation takes place more readily 
upon grey cast-iron than upon whiter metal ; and the 
experiments of both English- and French engineers 
would appear to show that if cast-iron pipes be coated 
internally with a solution of hydraulic lime, or with 
linseed oil containing litharge, the formation of the 
tubercles will be retarded. Chloride of sodium, when 
present in the water, even in small quantities, exercises 
great influence in facilitating the development of such 
tubercules. 
276. In some of the contmeiABX XiO-^rw^ ^ss^^^^S^^ 
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wrought-iron pipes have of late years been introduced 
for the distribution of water, instead of cast-iron, the 
inner surfaces of the pipes being galvanised, and the 
outer surfaces protected by a coating of asphalte. Not- 
withstanding the favour with which this system has 
been received, it would, however, appear that there are 
very serious practical objections to the use of the 
wrought- iron pipes ; because a subsidence of the ground 
above or beneath them, might compress the pipes, and 
thus diminish their available sectional area, without 
producing at the same time any external indication by 
means of which it would be possible to identify the 
precise position of the interference with the flow. The 
very elasticity of these wrought-iron pipes is, indeed, a 
practical evil ; for, under the circumstances above sup- 
posed, cast-iron pipes would either not yield to the 
superincumbent weight, or if that weight exceeded cer- 
tain limits they would break, and thus by the leakage 
which would take place they would at once call atten- 
tion to the defect. Wrought-iron service pipes are, 
however, often used successfully. 

277. Lead pipes are those which are the most fre- 
quently used for house services; and they may be 
obtained by the process technically known as "drawing," 
when the diameters do not exceed three or four inches, 
beyond which dimensions they are only made by sol- 
dering the joint, or by casting. In the latter case the 
lengths of each particular pipe can hardly exceed ten 
feet, and under such circumstances the number of 
joints which would be required becomes a serious 
objection to their use. It was, indeed, on account of 
their being practically confined to the use of lead 
pipes that the Roman engineers so rarely adopted 
reversed siphons upon the lines of their aqueducts; 
and the dijGScuJties they must have encountered in the 
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execution of the great work of this description, near 
Lyons, is sufficient to explain their preference for 
large bridges, even whilst it proves that the great prin- 
ciples of hydraulics were perfectly well known to them. 
At the present day, however, as was before stated, 
lead' pipes are those most frequently used for house 
services; and they are found to be the most con- 
venient, though perhaps not the most economical, on 
account of the ease with which they can be made to 
bend in any direction. It is important to mention 
here that lead is exposed to be acted upon by certain 
waters, and that its action when thus affected is far 
more prejudicial than is the action of iron similarly 
affected. The precise conditions of the action and 
reaction of water and lead are not very satisfactorily 
explained ; but it would appear that the waters which 
are able to affect iron in the most decided manner are 
also those which are able to affect lead. Some of the 
soft waters, as they are called, or those destitute of 
the bicarbonate of Ume, appear to act with the greatest 
energy on lead ; and when this is the case the use of 
that metal for service pipes, or for cisterns must be 
carefully avoided. (See also § 101 Vol. I.) 

278. The formula for ascertaining the thickness to 
be given to a cylindrical pipe exposed to a certain 

internal pressure is usually given as follows : x =^^ 

c-r 

in which p. =^ the pressure per square inch ; r = the 
radius of the interior diameter; and c = the cohesive 
strength of the metal per square inch. In practice, 
however, the dimensions ascertained by the application 
of the formula are sometimes neglected, and especially 
in the cases of pipes of small diameter the thickness is 
made greater than theoretically it would be necessary 
to do, on account of the difficulty ti\<wt^^w3JA.\k'^\si. 



!»46 



SmPPLY OF WATEB TO TOWNS, 



obtaining sound castings with metal of the required 
thickness. It is customary also to strengthen pipes of 
more than 3 inches in diameter, by placing two belts 
3j inches wide, and i inch projection, in their length. 
Mr. Hawksley adopts, for the purpose of calculating 
the thickness of cast-iron pipes, a very simple empirical 
formula, which is sufficient to meet any ordinary con- 
tingency. He makes the thickness = 0*18 \/ d, or in 
other words, he makes it about equal to -J- of the square 
root of the diameter. The following table contains 
the dimensions and the weights usually given in com- 
merce to cast-iron pipes used for the purposes of the 
water supply of towns. 
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279. Mr. Jardine of Edinburgh found that a lead 

pipe 1 J inch in diameter, and -f of an inch in thickness, 

resisied a head of water equal to 1000 feet, but that it 
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burst under a head of 1200 feet; and that a pipe 
2 inches in diameter, of the same thickness, resisted a 
head of 860 feet, but burst under a head of 1000 feet. 
Belidor states that a large pipe of lead, 13 inches in 
diameter and tt thick, will resist a pressure of three 
atmospheres ; and he mentions that the pipes in the 
Gardens of Versailles are 2 feet If inches in diameter, 
and If inch thick; these are about the largest lead 
pipes in existence. The usual thickness and weights 
of the lead pipes to be met with in commerce are as 
follows : — 
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280. It may be interesting to add that the ordinary 
charge for a water supply in England is about 5 per 
cent, upon the rental of the house, and that the following 
trades give rise to the application of special rates : such 
as manufacturers, tanners, fellmongers, hair-washers, 
glue-makers, curriers, dyers, hatters, brewers, distillers, 
inns, bath-houses, and steam-engines. 



Whilst these pages were passing through the press, 
a yery interesting account of the operations of the 
French engineers, who have lately been employed in 
sinking some Artesian wells in Algeria, has been 
published by General Desvaux, in the fifth number of 
the *^ Annales des Mines'* for 1858, to which it may be 
the more necessary to call «ttent\0Ti, \j^^«»a.^ ^s^kl <s^k^ 
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fellow-coimtrymen have certainly been either less bold 
or less successful in their attempts to execute similar 
works than our neighbours have been. In all 
probability the course adopted by the French with 
such success, in forming wells in the heart of 
the great Desert of Sahara, might be followed with 
equal advantage in some parts of the Cape Colony, 
or in the great Stony Desert of India; perhaps 
even Australia itself might advantageously admit 
of the execution of wells in some of its now barren 
parts. At any rate, the influence of the wells 
recently formed in the Sahara upon the development 
of the civilisation of the interior of the mysterious 
continent of Africa, must be sufficiently important 
to justify a lengthened notice of the conditions of 
their execution. 

The Desert of Sahara itself, appears to have, at no 
very remote geological distance of time, constituted 
the bed of an inland sea, analogous to the Mediter- 
ranean of the existing epoch, which was bounded, 
towards the north and north-west by the high lands 
now constituting the range of the Atlas. The strata 
of these lands actually dip under and form a continu- 
ous basin beneath the horizontal beds of the former 
deposits of the sea, and as some of those beds are 
sufficiently impermeable to prevent the waters, flowing 
from the present hills and entering the more absorb- 
ent strata, from rising to the surface, the waters so 
entering the underlying strata exist under the ordinary 
conditions of Artesian springs. Whenever, therefore, 
the upper impermeable strata are passed through, and 
the permeable water-bearing ones beneath them are 
reached, the water rises to a height regulated of 
course by the ordinary laws of Artesian springs, and 
with an abundajice dependent upon the original 
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supply, and the demand made upon it. And here it 
may be as well to remark, that the results said to 
have been obtained, must still be regarded with some 
amount of suspicion ; for it is far from being proved 
that they will remain such as they are, either through- 
out the year, or in any season when a greater number 
of similar wells are formed. Wherever the water has, 
however, been brought to the surface, it has been at 
once converted for irrigation or for personal use by 
the wandering tribes of the Desert, who are thus 
insensibly won from their nomadic state to the more 
peaceful life of the fixed cultivator. 

Up to the end of 1857 no less than fifteen Artesian 
borings had been commenced, under the directions of 
the ofl&cers of the engineering corps of the French 
army of Algeria, in that part of the Desert comprised 
within the French dominions ; and eleven of these 
wells had actually yielded copious supplies of water, 
whilst the remaining four borings were being con- 
tinued with a fair prospect of success, in the cases of 
two at least out of the four. From the returns 
given by General Desvaux, it would appear that the 
total quantity of water thus poured upon the surface 
of the Desert, which only required this stimulus to 
become of unexampled fertility, has not been less 
than 4030 gallons per minute ; and that one of the 
wells alone yielded as much as 946 gallons per minute, 
or above 1,400,000 gallons per day, which is nearly 
half as much again as the yield of the celebrated 
Artesian well of Grenelle. The following table, 
extracted from Gen. Desvaux's notice, and turned 
into English notation, will, however, give the most 
correct idea of the nature of the works thus executed, 
and of the results said to have been attained by 
them : — 
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Name of boring. 



TieW, 

gallons per 

luinute. 



Temp. 
Fahr. 



Depth of well. 



Tamerna . 
Temacin 
TameVhat . 
Side Eached 
Oum Thiour 
Chegga . 
ElVisour . 
Sidi Sliman 
Bram 

Oum Thiour, 
Metkaonak . 



2nd well 



'882-2 

7-7 

26-4 

946-0 

39-6 

19-8 

733-92 

880-0 

4400 

33-0 

21-34 



69-8 
69-8 
71-6 
75-2 
69-8 
72-5 
77-0 
77-0 
75-2 
77-9 
73-76 



196 ft. 6in. 

277 „ 9 „ 

191 „ 10 „ 

177 „ 2 „ 

343 „ 5 „ 

131 „ 3 „ 

162 „ 10 „ 

245 „ 10 „ 

157 „ 6 „ 

261 ,. 9 „ 

385 „ 6 „ 



There are some apparent anomalies in this table> 
which may perhaps confirm the doubts already ex- 
pressed with respect to the probable permanence of 
the supply thus secured. For instance, the distance 
of the principal water-bearing stratum from the sur- 
face would seem to range between 150 and 200 feet; 
and if it should happen not to be met with in any 
particular place^ the actual yield of the well is not 
likely to be of much importance. But the singular 
varieties stated to exist in the temperatures of the 
well waters, which rise to the surface, lead to the 
inference that the water-bearing stratum is not situ- 
ated at such a depth as to protect it from the action 
of external disturbing causes; and therefore they 
also lead to] the belief that those causes may be able 
to aflfect the regularity of the supply. A series of 
returns, carried over many years, is in fact required 
before any authentic opinion can be formed as to the 
real value of these interesting illustrations of the art 
of well-sinking; an art which seems, by the way, to 
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have been originally practised by the ancient Egyp- 
tians, and to have been applied by them to precisely 
the same purpose as it has lately been applied by the 
French, viz., the creation of halting stations in the 
dreary wastes of the Deserts. The number of rivers, 
and the quantity of water known to be absorbed by the 
Sahara, may diminish the probability of the importance 
of the disturbing causes above alluded to ; but until 
a series of observations upon the permanence of the yield 
shall hav« been made, some doubts must exist on the 
subject. Before closing this note, it would be desirable 
to call attention to the fact that the range of the Atlas 
is more likely to furnish a permanent supply to the 
streams feeding the underground springs of Northern 
Africa, than are the mountains of either South Africa or 
of Australia ; because the former are sufficiently lofty 
to rise into the regions of perpetual snow, whilst th« 
latter are uncovered in the summer months. Never- 
theless, the effects of droughts in both those regions 
are so fearful, that it would be important at least to 
examine whether there were, or were not, any proba- 
bility of discovering even a partial remedy to them- 



CHAPTER IV. 



TOWN DRAINAGE. 



281. The subject of town drainage is one which is of 
such manifest importance to any highly-civilised com- 
munity that the' discussion of the best and most efficient 
system to be adopted in order to efifect that object has 
at all times occupied the attention of legislators and 
engineers. The great Jewish lawgiver prescribed 
numerous precautions to secure the removal of the 
various offensive matters, and the ordinary drainage of 
the camp of his followers during their sojourn in the 
Wilderness; in the ruins of Babylon and Nimroud 
distinct traces of a system of drainage have been dis- 
covered ; the great sewers of Bome, and of the Etrurian 
cities have long been the objects of admiration of anti- 
quarians and engineers; later still we find our own 
Henry VIII. promulgating a code of laws upon the 
subject of sewers and drains ; and within the present 
century the whole question has been studied with a 
degree of attention, almost of passion, far superior to 
that hitherto bestowed upon it. Unfortunately, how- 
ever, the fashionable empiricism of the day has been 
allowed to play its most fantastic tricks in this matter; 
and it is, therefore, the more necessary to call attention 
to the real philosophy of town drainage. For the 
purpose of discussion it may, then, be considered that 
there are two branches of the subject, sufficiently 
distznguisbable from one another for the purposes of 
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classification, and which may be, and often are, treated 
in practice upon very different principles. These 
branches, or sub-divisions, are — 1st. The consideration 
of the means of removing the surface, or what may 
properly be called the drainage, waters; and, 2nd. The 
consideration of the means of removing all the foul 
house waters, and the excrementitious matters of a 
town population, in such wise as to ensure their 
effectual discharge without producing any annoyance, 
either to the inhabitants of the town under con- 
sideration, or to the proprietors of land situated below 
the point of outfall. At the same time, it is desirable 
that whatever fertilising properties may be retained in 
'the sewerage, as the waters flowing from the house 
drainage are now commonly called, should be con- 
verted to use, if that object can be accomplished with 
due regard to economy. These sub-divisions, however, 
are but arbitrary; because when a large, and highly 
civilised, community establishes itself at any particular 
place, it frequently becomes difficult to define where the 
one of the sub-divisions begins and the other ends — 
especially as the existing municipal regulations of the 
countries of Western Europe complicate the question 
in an infinite number of ways. In fact, cities grow, 
without much apparent reason for the particular manner 
in which the increase of their populations affects the 
plan of their distribution ; and it is very rarely that it 
is possible to predicate, or to provide for, the wants of 
the continually increasing flood of incomers. The 
difficulty of thus foreseeing the wants of future genera- 
tions is, moreover, increased by the fact, that not only 
may the internal distribution of the towns alter, but 
also because, from time to time, changes are intro- 
duced (even into national habits, the most pertinacious 
of all) which defy any previous calculations^ Eetbksw^^?* 
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it is for these reasons that we find that both the 
systematic neglect of " red tape '* in the department of 
public works of our own country, and the precisely 
opposite defects of our neighbour and rival, France, 
have failed to elucidate many of the obscure points 
connected with the subject now before us, and have 
equally proved to be sources of diflGiculty in the adap- 
tation of modem refinements and improvements. After 
all, the common sense of engineering works is to deal 
with difficulties aa they practically arise, without 
attempting either to establish any absolute theories, 
or to lay down any absolute laws. 

282. Within a very recent period the sewerage ot 
towns, as we now understand the phrase, can hardly be ' 
said to have been effected in any systematic manner; for 
the domestic arrangements of former generations were 
not such as to render it necessary to make special provi- 
sions for the removal of house drainage or of house 
refuse, by means of water. It was not, indeed, until the 
recent extension of the system of private water sup^y, 
and the general introduction of water-closets, both of 
which improvements in the details of daily life may be 
considered to date from the present century, that the 
want of an extended system of street and of house 
sewers made itself felt. Originally sewers were, as 
their name implies, the channels through which the 
land waters penned back by the tides, were at certain 
periods discharged through the banks, or sea-weirs, 
thrown up to prevent " the raging waters of the tides 
from overflowing the land ; " and it is to be remarked 
that until within a very few years the word " sewer " 
was commonly written and pronounced " shore.^' The 
enormous quantities of water, however, supplied to 
modem houses have rendered it necessary to provide 
speeial means for the removal of such of them as had 
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discharged their fanctions in domestic economy ; and 
thus eventually the relative proportions of land and of 
house drainage in towns have become entirely reversed. 
In fact, the land drainage, in such cases, is irregular 
in its character, and at times it ceases entirely to supply 
anything at the outfall ; whilst the house drainage is 
permanent in its action, and yields nearly the same 
quantities in dry as in wet seasons — in summer as in 
winter ; indeed, if any remark can be made on this sub- 
ject, it would be that the house drainage is most likely 
to be copious when the land drainage entirely ceases to 
act upon the outlets. The ancient legislation upon the 
subject of sewerage was based upon the conditions of 
the preponderating importance of land drainage ; and 
according to it, the discharge of foid house waters into 
a regular sewer was strictly forbidden, and punished 
very severely when discovered. Even so late as 1830, 
the prohibition against connecting house and street 
sewers was rigorously enforced in parts of London; 
and even at the present day, in Paris, it is only by 
tolerance that the surplus waters of the cesspools are 
allowed to overflow into the public sewers. But the 
advantages of the modem system of carrying off house 
refuse, by means of the waste waters of the houses 
themselves, are so great, that it is impossible long to 
resist the extension of the modem system; and, as 
sooner or later the sewerage and drainage of every 
large town must be carried out in a manner analogous 
to that lately adopted in our own Metropolis, it becomes 
important, firstly, to ascertain the laws which regulate 
the flow of water towards the town drains; and^ 
secondly, to discuss the best methods of disposing 
of the contents of the latter, so as not to create a 
public nuisance. 

98S. Some modem writers ui^oii tiv& Vstssd^^ ^ 
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hydraulic engineering immediately before us have 
affected to resume the principles which should guide 
our practice in the matter, by saying in an epigram- 
matic form, that " all the rainfall is due to the rivers, 
and all the sewerage (or sewage, as they are pleased to 
call the house refuse) to the land/' This is but a 
paradox, and like all paradoxes it contains a germ of 
truth ; but if it be, as no doubt it is, desirable that the 
bulk of the rainfall of any particular place should be 
poured into its natural water-courses, and if it be 
desirable that none of the fertilising properties of 
house sewerage should be lost, there still remains the 
great question, — How is all this to be effected with 
due regard to economy ? The practical result of any 
attempt to separate the two systems of sewerage would 
be to render inevitable the construction of two systems 
of drains ; and though unquestionably there may exist 
some circumstances which may render it doubtful 
whether the concentration of the two descriptions of 
waste water in the same discharging drains be, or be 
not, desirable, it must be evident to every unprejudiced 
observer that no inflexible rule can exist in such cases. 
In fact, the course which might be advisable in one 
case maybe highly objectionable in another, on account 
of the differences in the nature of the soil on which the 
town is built, of its configuration, of the character of the 
outfall, and of the character of the country around the 
town and around the outfall itself. Every case must 
therefore be dealt with on its own merits, and every 
attempt to lay down inflexible laws on the subject 
must be regarded as sheer empiricism. 

284. As we have seen, the conditions to be observed 
in designing a perfect system of town drainage, are, 1®, 
that the whole of the surface and land waters should 
he removed; and, 2®, that the house refuse should be 
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carried away effectually and inoffensively. The attain- 
ment of the latter condition will depend upon the 
greater or the lesser abundance with which the water 
supply of a town is effected ; and thence it may almost 
be inferred that unless a good supply of water should 
exist, it would be inexpedient to attempt to introduce 
a system of house sewerage. As to the quantities of 
the land, and house waters, they must depend, in the 
first place, upon the rain-fall, and the other natural 
hydrographical peculiarities of the town, that is to say, 
upon the springs or watercourses it may contain ; and, 
in the second place, upon the number of inhabitants 
per house, and the maximum rate of consumption of 
water. In England, for instance, there are rarely 
more than six inhabitants per house ; whilst in France 
and in Scotland that number will at times reach forty, 
or even fifty. A moderate supply of water may be 
reckoned to require about from 20 to 40 gallons 
per head, per day ; and of this quantity about 4 will 
generally find its way into the sewers. Those chan- 
nels, if they should be designed to carry off all the 
waters from the town under consideration, must be of 
sufficient capacity to discharge a volume of water 
calculated upon the above data; together with any 
storm waters which are likely to flow into the channels. 
It has been observed that the greatest flow of house 
waters, in the sewers themselves, takes place between 
the hours of 11 and 1 ; and that in each of those hours 
the average flow is about -g- of that of the whole day ; 
though as Mr. Phillips appeared to be seeking, on the 
occasion of his giving the evidence from which the 
above r4ile was deduced, to influence the opinions of 
those whom he was addressing in favour of small 
drains, it is advisable to adhere to the more ^e.v\ftx^iJ^ 
received opinion that it is 'pteieT«Jc^ft\.o\.^0«w^^^ss^^^ 
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carrying off, in each of the hours of greatest flow, at 
least i of the total quantity of the house sewerage* 

285. The quantity oi storm or of land waters to he 
carried off by a system of sewers, is even a more 
important element than the quantity of house water, 
in the calculations ' to be made in such cases; and 
whatever may be the precise amount assumed to be 
likely to find its way into the sewers, the latter must 
be made of such dimensions as to allow of its easy 
discharge simultaneously with that of the greatest flow 
of house sewerage. The rain-faU of the different 
parts of any large country, as is well known, varies in 
a very marked manner, on account of the atmospheric 
currents to which it maybe exposed, and it is therefore 
necessary, before attempting to settle the dimensions 
of a system of sewers, to ascertain the maximum 
quantity they may be thus called upon to discharge ; 
and as the sewers ought to carry off any ordinary 
floods^ or storms, it follows that the observations on 
which such calculations are based, must extend over 
a very long period. Now, it is generally admitted by 
meteorologists that, although torrentiid rains occur 
with the greatest frequency in countries situated near 
the tropics, countries situated in higher latitudes are 
also occasionally exposed to their action. Thus> at 
Borne, where the average annual rain-fall is about 2 feet 
8 inches, showers of 17 hours* duration, and yielding 
5 inches of rain, have been observed; whilst at 
Marseilles, in a shower of 14 hours' duration, no less 
than 13 inches of rain have fallen, and at Aries, which 
is situated rather more inland than Marseilles, as much 
as eight inches have fallen in 12 hours. The greatest 
rain-fall recorded as having taken place at Southampton 
is about 2 inches in 10 houars ; but in London, storms 
Iisre occurred which have yielded as much as 4 inches 
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of rain in 2 hours, or 2 inches per hour. Unquesticm- 
ably the latter observation must have been influenced 
by some very exceptional phenomenon, perhaps by 
something in the nature of a water-spout; but it 
appears from numerous other observations in England, 
that storms of equal violence with that recorded as 
having occurred at Southampton, are of sufficiently 
frequent occurrence to justify the assertion of the rule 
that, " when sewers are constructed to carry off storm 
waters in addition to the house waters of a district, 
they must be made of such capacity as to discharge a 
proportion of a 4-inch rain-fall in 24 hours, varying 
with the character of the district/' 

286. The variation thus alluded to depends upon the 
relation between the quantities of water falling upon 
a given area, and the quantity flowing off the same 
area, and this relation will, in its turn, depend greatly 
upon whether the district under consideration be urban 
or rural ; and in the former case, upon the configura- 
tion of the surface, and the degree of permeability of 
the soil. It is usually calculated that in open country 
districts, where the soil is of a loose, permeable tex- 
ture, only about 3 of the rainfall finds its way directly 
into the superficial water-courses ; whilst in ordinary 
country towns about ^ of that quantity are estimated 
to flow at once into the sewers ; and in larger towns, 
where the drainage is generally speaking most effectu- 
ally carried into execution, and where the majority of 
the streets are paved, it is safer to calculate upon the 
basis that i of the total rain-fall will immediately find 
their way to the sewers. The results which would be 
arrived .at upon these calculations are, it must be 
observed, far in excess of those which would follow 
from the application of the laws laid down by the 
referees of the Metropolitan Bo^di c&^Qi£^^xi;2^wsL*^B^ 
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great drainage scheme ; for the referees seem to have 
Considered that it would be sufficient to provide sewers 
able to actually carry oflf, in six hours, about J of an 
inch rainfall, in addition to the maximum house flow ; 
but they calculated upon the excess of the rain-fall, 
beyond this quantity, passing at once into the Thames 
through a series of storm overflows. 

287. A point of equal importance with that of the 
sizes of the arterial sewers of a town is the one con- 
nected with the outfall and the mode of disposing of 
the sewerage when brought there. Hitherto the public 
authorities charged with the execution of this description 
of works have contented themselves with pouring the 
waters collected by the sewers into the natural outfalls or 
drainage channels of their respective districts; but the 
constantly deteriorating quality of town sewerage, so far 
as it is able to affect public health, and its increasing 
value as a means of manuring land, have led to much 
discussion and to many partially successful attempts 
to obviate on one hand the nuisance, and on the other 
to appropriate the fertilising powers said to be now 
wasted. Two methods of effecting these objects have 
been brought of late prominently before the public : 
viz. the method of distributing the sewerage over 
agricultural lands by a system of irrigation, and the 
method of precipitating in a solid form the matters in 
suspension in the sewerage; and as the partisans of the 
respective systems have succeeded in diffusing some 
very incorrect opinions as to their merits, it may be 
advisable to dwell a little upon the subject. 

^288. In the method of disposing of town sewerage 

by a system of irrigation it is essential that some 

means should be adopted to exclude storm waters from 

those supplied by the house drains, because the regu- 

-larltyin the composition of the irrigation waters is one 
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of the most important conditions of their permanently 
successful action. Unless, therefore, the sewerage of 
the town supposed to be thus treated be entirel}'^ sepa- 
rated from the land drainage, by the execution of an 
entirely distinct series of channels, there must be pro- 
vided some description of storm overflow, and in such 
a case it would be impossible to say that the nuisance 
arising from the discharge of the sewerage into the 
water courses had been obviated. This is far from 
being a hypothetical inconvenience, for in the case of 
the town of Rugby actions at law, on account of the 
damage done by storm waters overflowing from the 
sewerage outfall constructed for the purpose of a dis- 
tribution of the town refuse by irrigation, have been 
maintained, and the town has been compelled to erect 
a series of filter beds in order to mitigate the evil thus 
created. But even should there be no reason to fear 
the* contamination of the water-courses in consequence 
of occasional overflows, the irregularity which would 
prevail in the quantity and quality of the sewerage to 
be pumped must always complicate the question of its 
distribution in this manner, for the delivery pipes and 
the engine power must be adapted to the maximum 
duty they may have to perform, rather than to the 
average duty. It is to be observed also that a system 
of irrigation, whether by means of sewerage or of any 
other waters, can only be applied upon grass lands 
with any economical advantage, in our latitudes at 
least ; and that one of the essential conditions for its 
success is that the land upon which it is applied should 
be adapted either by its configuration, by its natural 
porosity, or by the execution of a complete subsidiary 
system of thorough drainage for the rapid and com- 
plete remdval of the waters furnished by the irrigation. 
Moreover the land upon vfhicb. t\ife %^^^t^^ ^^a^f^^ss. 
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are thus proposed to be poured, should be situated at 
a lower level than the outfall furnishing those waters ; 
so that unless great natural facilities should exist, the 
application of this irrigation system must be accom- 
panied, as in the case of Rugby before mentioned, by a 
costly series of pumping and distributing works. In 
this particular instance of Rugby the waters are pumped 
from the low-lying outfall of the town upon some very 
porous higher land, principally laid down in grass, and 
are distributed over it through a series of cast iron 
mains, stand pipes, and flexible hose ; but although 
the works have been designed, and are conducted, 
with great practical skill, it is more than questionable 
whether the results obtained by this system of irriga- 
tion are superior to those which would be obtained 
by an irrigation with ordinary river water ; and it is 
tolerably certain that the benefit gained is not equiva- 
lent to the outlay and the working expense the system 
involves. The spirited proprietor of the Rugby Works 
pays a rent to the town for the sewerage waters ; in 
justice he ought to be paid for receiving tibem, for were 
he not a wealthy man the operation itself would be 
ruinous. 

289. A great deal of importance was attached by 
the authors of the various Reports, issued some years 
since by the late General Board of Healthy to the 
results obtained at Edinburgh from a partial applica- 
tion of a system of sewerage irrigation, and to the 
assumed confirmation of the theories they had endea- 
voured to diffuse upon the merits of such a mode of 
disposing of town refuse, by the results of the irri- 
gation effected in the immediate neighbourhood of 
Milan. But it must be observed, with respect to the 
irrigation of the neighbourhood of Edinburgh, that, 
&:3tljr, the open.\iQiL was effected by merely allowing 
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the sewerage waters to flow by gravitation over a dia^ 
trict composed of a light open sand, through which the 
water easily permeated, without any artificial drainage; 
and that, secondly, the habits of the dwellers in the 
particular part of Edinburgh where this experiment 
was tried were not similar to those of the majority of 
English cities. In fact^ the waters distributed in this 
particular case were rather drainage waters than sewer- 
age waters, as the term is usually applied ; and they 
were neither obtained in the quantity, nor were they 
of the quality, which would have to be dealt with in 
ordinary English towns, where copious water supplier 
and a complete system of impermeable sewers now 
exist. The very nature of the ground, moreover, 
upon which the Edinburgh sewerage is poured tends 
to render the operation less objectionable than it would 
be in ordinary cases ; but even upon it the gradual 
accumulation of decomposing and fertilising matter is 
productive of very serious annoyance, which would 
become intolerable in any less exposed situation than 
the one occupied by Edinburgh upon the shores of the 
Firth of Forth. No doubt the barren sands of this 
particular place have been rendered extremely.valuable 
by the application of the sewerage waters ; but unless 
such land should exist in the immediate vicinity of a 
town, and unless there should also exist very efficient 
natural means of ventilation, it is more than question- 
able whether the system, which has answered so well in 
this case, would be likely to succeed as well elsewhere. 
Certain it is that the system applicable to the sandy 
fields between Edinburgh and Leith would not. be 
applicable to the clay lands round London, or round 
towns situated under similar geological conditions. 

290. As to the irrigation of the country round Milan, 
it differs so essentially from, th.^ \rc\%%2ikr5st ^^^s:s^sv 
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wonld be effected by the application of any English 
town sewerage, that it must always be a matter of 
surprise that our authorities should have cited it as 
furnishing anything like a parallel illustration of the 
theories they sought to establish. It is notorious, in 
fact, that the details of the 8&dility of Italian towns are 
so essentially different from those of our own country, 
tliat it is absurd to draw any common inference from 
conditions so dissimilar. No doubt the waters of the 
Navigho Grande, and of the other Milanese canals, 
take up considerable quantities of organic matters 
during their course through the town ; but the relative 
proportions of the fertilising liquids and of the pure 
water in those canals, after leaving the town, are, from 
the habits of the Milanese and the municipal regula- 
tions enforced amongst them, only slightly different 
from those which might be discovered in the same 
canals before they received the drainage from the 
streets and houses. There is, in this case, a great 
quantity of water and a very small quantity of sewer- 
age ; whereas at the outfalls of the sewers of English 
towijs the organic matters furnished by the houses are 
notably present in very great quantity. A comparison 
between the irrigation of the neighbourhood of Milan, 
and that which might be effected near any well-sewered 
English city is simply impossible; and it certainly 
would be more rational to compare the irrigation of 
such a distiict as that of the basin of the Itchen with 
the irrigation of the lower Milanese, than to attempt 
to draw from the latter any illustration of what could 
be effected at the outfalls of the sewerage of such towns 
as Manchester, Norwich, &c. An irrigation by means 
of ordinary river water, or at any rate by means of the 
tidal waters flowing in such creeks as the Counters 
Creek, on the banks of the Thames, would be quite as 
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advantageous as the irrigation carried on below Milan; 
and it is worthy of remark that, in the later days of 
the London Sewerage Irrigation Company, the pumps 
actually distributed in Fulham Fields the waters drawn 
from tiie tidal stream flowing in front of the works. 
It is curious, and perhaps the fact itself may have an 
extraneous importance, as it shows how utterly incom- 
petent the parties, who wrote the Reports of the late 
General Board of Health, to which reference is thus 
made, were to observe the facts before them, that the 
Marcite of Northern Italy, cited by them as proving 
the advantages of an irrigation by town sewerage, are 
precisely the meadows irrigated by springs which have 
never been susceptible of contamination by intermix- 
ture with the waters flowing either above or below the 
surface of any town district. The wonderful results 
obtained by the application of irrigation in the neigh- 
bourhood of Milan, therefore, prove that in warm 
climates water alone is an invaluable fertiliser; the 
same law prevails even in our own country, and it 
cannot be too often repeated that we, in England, are 
very far from deriving all the benefit of this descrip- 
tion we ought to do from our rivers ; but these facts 
prove nothing either for or against the system of irri- 
gation by sewerage waters, and the application of such 
a system must depend upon many very complicated 
local considerations connected with the quality of the 
'waters to be distributed, and the chemical nature and 
the physical configuration of the district to be operated 
upon. 

291. Untilwithin a very few years, the system adopted 
in Paris, the self-styled centre of European civilisation, 
for disposing of the faecal matters w^ in England 
cast with profligate waste into the ordinary water- 
courses of the country, was in fact an or^w^v^^^^^^s^sKwsMy^ 
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of the fonlest and most gigantic description. The 
night-carts, in fact, discharged their contents into a 
series of hasins at Montfaucon, close to the harriers 
of Paris, on the north-east comer of the town ; and 
there the said contents were allowed to desiccate hy the 
simple action of the sun and wind, giving off, of course, 
during the operation miasmas of the most repulsive 
character. Some of the hest quarters of Paris were 
within range of these miasmas, and some of the largest 
hospitals of the town were equally -within their influ- 
ence ; and fearful indeed were the ravages of gangrene 
amongst the patients, when the wind set towards the 
hospitals from these huge collections of filth« At 
last the municipality of Paris has, however, been com- 
pelled to make a change in this matter ; and it may be 
suspected that the daily extending application of the 
water-closet system has had much to do with the 
alteration. The system now adopted is to bring all 
the carts to a large covered building near La Yillette, 
and there the more solid matters obtained from ordi- 
nary cess-pools are at once loaded into covered barges ; 
whilst the more liquid matters are received into large 
reservoirs, to be thence pumped to an establishment 
situated at Bondy, at a considerable distance from 
Paris, where both the solid and the liquid matters are 
treated for the purpose of being converted into a manure, 
which is highly esteemed in France, and sold under the 
name ot poudrette. This conversion into a manure is 
effected by a company, and it pays to the town of 
Paris no less a sum than £5400 per annum for the 
materials thus supplied to it; but it is not to be in- 
ferred from this fact that the inhabitants of Paris are 
gainers to the apparent extent indicated by the sum 
above quoted, for the householders are obliged not 
aafy- to iDcur a very heavy outlay foe the construetion 
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of the cess-poob, but also to pay very heavily for their 
being opened and emptied. When, in addition to this, 
the expense to the town of pumping the sewerage mat- 
ters to Bondy is taken into account, it must be reason- 
able to suppose that the ultimate cost of the French 
system of dealing with those matters is at least as costly 
as the one a^ppted in our own country. As to the nui- 
sance, both in private houses and in the manufacture 
of the manure, there cannot be a shadow of a doubt 
as to the superiority of the system of removing house 
refuse by means of water ; provided always that means 
are at the same time adopted for preventing the latter 
from becoming in themselves sources of nuisance, 
such as were formed at Croydon, Southampton, Hitchin, 
Sandgate, Epsom, &c It is strange, however, and 
worthy of more than a passing remark, that the highly 
educated, but centralised body of Engineers who guide 
the proceedings of the municipality of Paris, were 
precisely the men who retained as long as they pos- 
sibly could do so, the barbarous system of Montfaucon, 
with all its gigantic evils ; whilst every real improve- 
ment in this important section of the duties of the 
fiedility of towns has been introduced and carried into 
effect in our own country, where the professicai of 
engineering is open to the whole world, and, until 
witiiin a very short period, without any intervention on 
the part of the State, 

^92. The results of the pumping operations between 
La Vilette and Bondy would merit consideration from 
those of our mmiicipal authorities who are likely to 
encounter similar diflBiculties ; and at the precise period 
of the publication of this Treatise the attention of the 
Metropolitan Board of Works might be especially 
directed to them. The pipe between the extremities 
jof the Paris works is about 64 mika mUx^^^sx^vs^^ 
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1 foot diameter, along which the liquid sewerage is 
forced by means of a steam engine working some force 
pumps, at the rate of about 131 cubic yards per hour. 
Very little difficulty arises in practice, from the cha- 
racter of the materials thus driven along the pipe, and 
the interposition of two coarse strainers in its length 
is found to be sufficient to guarantee it from becoming 
choked. A short account of the works thus referred to 
will be found in the ** Annales des Fonts et Chaussees " 
for the 3'ear 1854. 

293. The method of precipitating the fertilising pro- 
perties of the town sewerage in a solid form has been 
applied, in our own country, in several modes which may 
summarily be described by saying that they consist either 
in a mere mechanical separation of the solid bodies in 
suspension by a kind of rude filtration in the style 
adopted at Ely, or in a rude precipitation of the sus- 
pended, and of some of the dissolved matters, in the 
style adopted at Leicester. The Ely system may be tole- 
rated for a time in the case of a small town discharging 
its waters into a stream of considerable volume ; but as 
even the most perfect filtration of sewerage waters must 
still allow the waters impregnated with the ammoniacal 
matters they contain to pass into the outfall, not only 
must such a filtration fail to arrest the most valuable 
ingredients of town sewerage, but it must also leave 
the waters in a state nearly as objectionable as that in 
which they were before being filtered. At Leicester, 
the operations of the Patent Manure Company were 
conducted upon a much bolder, and apparently upon a 
far more logical system, than in any other case, but the 
practical results of the experiment have been commer- 
cially disastrous in the extreme. The system adopted 
there was to lead the town sewerage into a series of 
basins where it fras mixed with a quantity of the milk 
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of lime, and allowed gradually to deposit or to preci- 
pitate the matters that agent was able to separate ; 
according to the dilution of the sewerage matters the 
waters remained a greater or lesser period in the depo- 
siting tanks, and from them it flowed apparently and 
practically clear into the water-courses of the district. 
It was originally supposed that the solid matters thrown 
down in this manner would constitute a valuable 
manure, and that its sale would cover the expense of 
the operation ; unfortunately however, the manure thus 
obtained has so very small a commercial value that it 
is hardly worth removing, and no demand for it can be 
said to exist. In fact, the failure of the Leicester 
sewerage operations, in a commercial point of view, 
has been even more decided than that of the irrigation 
works at Rugby. There can be no doubt of the com- 
plete success of the Leicester system, so far as the 
purification of the water is concerned ; but hitherto the 
operation has been very far indeed from being self- 
supporting. 

294. Although so little success has hitherto attended 
the eflforts of those who have attempted to convert 
town sewerage into a remunerative article of commerce, 
there can be no doubt of the moral obligation of all 
municipal bodies, or private parties, to intercept the 
passage of bodies likely to contaminate the natural 
water-courses of the district in which the outfall of 
their sewerage is situated. The fulfilment of this obli- 
gation is a mere matter of expense, and no considera- 
tion of this description ought to be allowed to stand in 
the way of the prevention, or the removal, of a great 
public nuisance; and it is to be observed that the evil 
arising from the discharge of sewerage into the streams 
or natural drainage outfalls of the country is one of a 
continually increasing magnitude. "So\, wJc^ SsjA^^y^V^a* 
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there a tendency on the part of modern civilised society 
to throw upon the sewers of towns duties or functions 
performed, even within a very recent period, by other 
means; but the importance of the water-courses as 
soui'ces of water supply increases with the very demand 
for water occasioned by the same proceedings which 
tend in their turn to increase the quantity, whilst they 
deteriorate the quality, of the sewerage. In cases 
where the flow of the water is all in one direction there 
may be less immediate danger in discharging sewerage 
into the ordinary outfalls of the district, than there is 
when the removal of the refuse is opposed by artiflcial 
or natural impediments to the flow, as for instance by 
locks, wears, or by tidal action. But even in such cases,, 
or in the more striking ones where the discharge of 
the sewerage takes place upon the sea shore, the evils 
arising from the partial retention of sewerage matters 
are so great that it becomes the duty of the [English 
legislature especially to provide some more efi&cient 
method than now exists of compelling the municipal 
bodies entrusted with the management of the sewerage 
to fulfil their duties in this matter. One of the most 
serious mistakes of the leaders of the late General 
Board of Health consisted in fact in the urgency with 
which they recommended and enforced, as far as they 
possibly could, the adoption of the water-closet system 
without providing for the disposal of the refuse thus 
removed. 

S95. The nature of the soil of a town (referred to in 
§ 291. as being likely to aflect the details of a system 
of sewerage) may influence the dimensions, and the 
materials to be employed, according as it may &€i- 
litate or impede the escape of land-waters or springs* 
Thus in many parts of London, and also in the nei^* 
bourhood of Southampton, there exist small elevations^ 
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tbe surface strata of which consist of an impermeable 
brick earth, lying upon a stratum of gravel and sand, 
which in its turn, caps the stiff retentive blue clay of 
the English tertiary series. In many cases the upper 
stratum of brick earth is wanting, and the gravel forms 
the immediate surface stratum ; whilst in others again, 
both the brick earth and gravel are wanting, and the 
blue clay is entirely exposed. Now, if in such a dis- 
trict as either of those named, a large area should 
be found presenting a section like that of Fig. 1/ in 




which the porticm between b and c would represent 
the brick earth ; the lightly-shaded part between jl b 
and o D^ the gravel; and tibe dark lower stratum, the 
blue clay; the drains of the respective portions on the 
longer slope towards c d e would require to be adapted 
to very variable conditions. Thus, the drains and 
sewers between b and o need only be made of such 
dimensions as should effectually suffice to remove tbe 
surface, and the house waters supplied by the district; 
but those to be formed between c and d, and still 
more decidedly those to be formed below d, must be 
able not only to disdiiu*ge the waters poured in from 
the upper district, and their own sewerage, but also td 
discharge the waters which filter through the exposed 
surfaces of the gravel, and naturally discharge them- 
selves in the greatest abundance near d. Near Lon- 
don the exposed surfaces of gravel are generally so 
small, that the water yidded by them does not require 
to be taken into account; fot tti^ ^\Hxw2ix«i3a^ ^mb^mJ^s^ 
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given to the sewers, in order to enable them to carry 
off storm-waters, are more than sufficient to relieve 
the strata traversed by these springs, which are neces- 
sarily characterised by a certain degree of regularity 
in their flow. At Southampton, however, the extent of 
the superficial gravel is, proportionally, much greater ; 
and it is found in that town that, after a continuance 
of wet weather, the whole of the lower portions of the 
gravel become charged with water to such an extent 
as to inundate the basements situated below the level 
of the natural ground, unless in such places as possess 
sewers large enough to furnish a permanent outlet for 
the subterranean waters. 

296. In some parts of Paris the same phenomena 
occur on a larger scale, and with greater irregularity 
than in the cases above cited. A considerable portion 
of Paris is, in fact, built upon a surface which originally 
constituted a marshy plain between the river and the 
hills of Belleville and Montmartre. The low lands of 
this district are composed of a calcareous formation, 
called geologically the lower fresh-water limestone, 
which allows water to infiltrate with great difficulty; 
whilst the hill sides are formed of the gjrpseous 
deposits with their associated marls, capped by a deep 
stratum of sand and permeable sandstone, or occa- 
sionally by the upper fresh-water limestone resting on 
these sands and sandstones. These sands occupy a 
considerable breadth of the country in the direction 
towards Belleville, and they consequently receive a 
copious supply of water during the rainy seasons. At 
the same time the various hills present steep escarp- 
ments, so that the storm-waters falling upon them can 
escape with great rapidity, giving rise to occasional 
Boois of greeit violence. In order, therefore, to obviate 
any laconvenience from these circumatMicea, the inter- 
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cepting culvert, teecuted along the line of the greatest 
depression of the low lands, has heen formed of much 
larger dimensions than the area it immediately drains 
would appear to require. In spite of this precaution, 
it is by no means a rare occurrence that the basements 
of the part of Paris, near the ^gout de ceinture, are 
flooded during the rainy season, or on the occasion of 
violent summer rains. It is worthy of remark, that 
the Cloaca Maxima of Borne was^'also designed, more 
for the purpose of relieving the subterranean waters of 
the low grounds between the seven hills, than for the 
discharge of the surface drainage. 

297. If the geological structure of the soil of a town 
appear thus, in some cases, to increase the difficulties 
in the way of the execution of its sewerage, there may be 
other cases in which it would produce precisely opposite 
results, so far at least as the removal of surface waters 
is concerned. Thus in Weymouth, the portion of the 
town constituting the ancient borough of Melcombe 
Begis, is constructed upon a bed of shingle, which is 
in fact nothing more than a bar thrown across the 
mouth of the Wey. In order to remove the suiface 
waters of this town, all that is required to be done is 
to form openings from the paved roads or courts into 
this shingle — absorbing wells in fact — and the waters 
immediately sink to the level of the sea. In some 
parts of Liverpool also, advantage is taken of the 
absorbent nature of the gravel to allow the surface 
waters to escape by filtering into it ; for occasionally 
the lower portions of the drains were formerly executed 
with bricks laid dry, whilst they were only set in mortar 
in the upper portions. Absorbing wells have, indeed, 
been frequentily used for the purpose of disposing of 
local drainage in gravelly and in fissured limestone 
districts ; and an attempt waa e^eti \a»Aft V<^ ^*v* ^\Si.^ 



^74 TOWN DBAINAQE. 

the foul waters of one of the Paris Aattoirs hj a well 
of that description; bat as such absorbing wells 
must eventually contaminate all the ordinary wells 
deriving their supply from the water-bearing stratum 
thus communicated with, it seems to be ahnost impe- 
rative upon the guardians of the public health to pre- 
vent the execution of such wells, notwithstanding the 
private benefits they may occasionally confer. 

298. The configuration of a district (under which 
term are comprised the general conditions of its divi- 
sion into subordinate districts of hill and dale) will also 
influence the details of the system of sewerage to be 
ftdopted, insomuch as it may affect the number, dimen- 
»ons, inclinations, and directions of the main sewers. 
New and distinct outfalls may be required for the several 
portions ; and as in many cases, in towns situated upon 
the banks of tidal rivers, one part may possess a con- 
stant discharge by gravitation, and the remainder may 
mily have an intermittent^ or even an exclusively arti- 
ficial, outfall, it may be requisite even to treat the 
various portions of such towns in very different man- 
ners. The great scheme for the improvement of the 
London sewerage may be referred to as an illustration 
of the practice of the ablest engineers in such cases, 
and much useful information with respect to the prin- 
cq)Ies of town drainage may be obtained from the 
various discussions which have taken place on the sub- 
ject ; and perhaps more information is to ' obtained 
from these discussions than is usually the case, on 
account of the extraordinary amount of passion and 
jealousy exhibited during their progress. The following 
seem to be amongst the most important lessons to be 
derived from the investigation. 
J^99, In towns presenting the configuration recently 
described, that is to say, having a conaidex^fclQ portion 
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of their area situated npon rising ground, and the 
remainder either upon the level of high tides, or below 
that line, it is advisable to adopt the course usually 
followed in draining important agricultural districts, or 
to form a large intercepting drain which should carry 
ofif the waters from the higher grounds, in a permanent 
manner, so as not to throw anything into the drains of 
the lower district ; and then to deal with the waters of 
the lower districts, either by permitting an intermittent 
tidal discharge, or by raising them mechanically in a 
continuous manner. No doubt there would be economy 
in the introduction of an intermittent, or half tide 
discharge of the sewers, but such a system is objection- 
able, first, because it would render necessary the 
construction of sewers large enough to contain the 
waters ponded back between the periods of discharge ; 
and secondly, because if a storm should occur during 
the period of the retention of the waters, the basements 
of the houses in the district would in all probability be 
inundated. Practically it would appear that it would 
be preferable in such cases to provide at once for the 
artificial relief of the drainage of the low-lying districts, 
and to design the pumping apparatus required for that 
purpose upon the supposition that it should be able to 
raise to the permanent natural outfall in a constant 
equable manner, the maximum quantity likely to find 
its way into the sewers. The conditions it is subse- 
quently necessary to take into consideration in settling 
the dimensions of sewers, may be thus enumerated : — 
1. The area of the district to be relieved. 
a. Its population, both actual and prospective. 
S. The amount of sewerage furnished by the district ; 
and this, it is to be observed, is calculated, in 
London, at the average rate of from 5 to 7 cubic 
feet per head of the population, "^t ^kj . 
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4. The rain-flow to be removed, calculated at the rate 

of i'' in 34 hours in the higher, and of tV of an 
inch in the lower districts. 

5. The rain-flow and sewerage combined. 

6. The accumulated amount of rain-flow and sewerage. 

7. The length of the sewer, in portions, in order to 

accommodate its dimensions to the work required 
to be performed in such district. 

8. The level of the invert of the sewer, its inclination 

and diameter, in so far as they are likely to affect 
the rate and conditions of the flow of the sewerage. 
It may here be added that Mr. Hawkesley, (by far 
the best authority on the subject, practically and theo- 
retically,) gives as a rule for calculating the diameter 
of sewers in town districts, when the number of acres 
to be drained = Ay and the rate of inclination in feet 
per mile of the sewer, = w, were previously known, 
the formula 3 log. A + log. w + 6*8 = log. of dia- 
meter of the sewer in inches. The constant 6*8 may 
be increased if the inclination of the surface should 
naturally be slight. 

300. It is essential to observe, in the construction of 
sewers designed to hold water during any definite part of 
the day, that they should be made of sufficient strength 
to resist the maximum hydrostatic pressure produced 
by the water flowing from the higher portions of their 
contributing area. As a general rule, however, sewers 
are more likely to fail by the pressure from without, 
than from the internal pressure ; and it thence follows 
that the mode of executing the foundations, and the 
capabilities of the materials employed to resist a 
crushing weight, must be carefully examined. It is 
usually considered advisable to place the main sewers 
of a town about from 10 to 12 feet below the surface of 
tjbe streets, and under these circumstances it is requi- 
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site to allow for the dead weight of the earth, and {ot 
the concussions which may be produced by any passing 
load. The usual thickness adopted for the main 
sewers of London, is either 18 or 22 J inches, and for 
the submains 9 inches, at the crown, according to the 
diameter, and to the distance from the surface ; but 
naturally this dimension is regulated by the quality 
of the bricks or other materials used, and by the 
transverse section of the sewer. 

301. The principles which should guide the decision 
as to the transverse section, are, primarily, that the 
smallest possible wet contour should be presented in 
proportion to the area of the water flowing at various 
periods in the sewer ; and, secondarily, that the section 
should be such as can easily be examined and repaired. 
The ordinary London submain sewers fulfil these con- 
ditions in a very remarkable manner, and they may be 
thus described. Their heights, from invert to intrados, 
vary, according to the extent of the area, from 4 ft. 
9 in. to 4 ft., 3 ft. 9 in., 3 ft. 6 in., and 3 ft. 3 in. ; and 
the widths vary from 3 feet in the larger to 2 feet in 
the smaller sewers : the upper parts are semicircular, 
the inverts are portions of circles of 18 inches in dia- 
meter, and the sides are portions of curves tangential 
to the inverts and crowns. In such sewers, which, in 
fact, roughly approach the form of an egg placed on its 
major axis, the frictional surface, ixx proportion to the 
average hydraulic depth, is very small, and, on an 
emergency, it would be possible to send a workman 
down either of them, though of course it would be 
essential to take precautions against the effects of the 
foul air which might accumulate in them. The large 
main sewers of London are formed nearly upon the 
same principle, and of a similar section to the sub- 
mains; but in Paris the engmeex^ ^XSJl ^^\v«t^^^>si*^»^ 
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as possible, to a rectangular section. It may be as 
irell here to state that the junctions of the submains 




"with the great arterial sewers are always made portions 
of circles on plan, and that the levels of the axes of the 
inverts are kept on the same line. 

302. A great deal of discussion has taken place of 
late with respect to the introduction of the glazed 
stoneware pipes, and, for a long time, it was even pre- 
tended by the late General Board of Health, that no 
other material ought to be employed, even for the sub- 
mains of the metropolis. These pipes were designated, 
no doubt, with the intention of creating a popular 
prejudice in their favour, as "self-cleansing;" whilst 
the ordinary brick drains were as constantly called 
" sewers of deposit." Time and practical observation 
have fortunately dispelled much of the evil resulting from 
these exaggerations, and it is now generally admitted 
that, under the ordinary conditions which prevail 
in our English towns, pipe drains are preferable to 
brick ones, so long as the diameters do not exceed 
one foot in. the clear; that between one foot and 18 
inches diameter, local considerations of economy and 
of superincumbent pressure must decide the system to 
be adopted; and that above 1 foot 6 inches in diameter, 
&ere can be no hesitation in according the preference 
^ ordinary brickwork, or to the "use of inverts of a 
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peculiar shape formed of fireclay, or of the blue Stafford- 
shire ware. There is a question connected with the 
use of pipe-drains, which is still involved in obscurity, 
viz., whether or not the nonabsorbent quality of the 
ware of which they are made be an indispensable con- 
dition of their success? and this question was raised 
with some degree of acrimony when the Aylesford 
pipes were first introduced into the London market. 
The stoneware drain-pipes made at Lambeth, it is 
known, are formed from a mixture of the clays of 
Dorsetshire and Devonshire, with broken shreds, and 
occasionally with sand and flint; and this mixture 
burnt at a proper temperature, yields a very dense, 
semi-vitrified, nonabsorbent material* The Aylesford 
pipes, on the contrary, are made from a clay containing 
a considerable proportion of carbonate of lime, and 
they cannot, therefore, be burnt to the same degree as 
the ordinary stoneware; but still they are burnt at a 
temperature which admits of their being salt glazed. 
From this circumstance the Aylesford pipes are much 
more absorbent than the stoneware pipes, and serious 
objections were on that account made to the use of the 
former. The truth of the matter appears to be that if 
the sewerage waters should be likely to remain long in 
contact with the drain-pipes, it would be preferable to 
use the nonabsorbent material, rather than the more 
porous one ; not only for the purpose of obviating any 
danger from the escape of the sewerage through the 
body of the pipe, but also because the stoneware pipes 
are less exposed to be acted upon than the Aylesford 
pipes would be, by the dilute acids, which are so 
frequently present in sewerage waters. If, however^ 
there be a constant discharge, and a rapid fall in the 
drains, the Aylesford pipes would be preferable to the 
stoneware pipes, because they aTft\%^^\iTv^^^>«»Ss.Nss5.^ 
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exposed to distortion in the kiln. In fact, discretion 
is required in the selection of pipes, as in every other 
branch of engineering ; for occasionally even econo- 
mical considerations must be cast aside, as in the 
selection of drain-pipes, for some particular position, 
whilst in others it would be fo]ly to allow other than 
economical considerations to influence the decision. 

303. For house drains the experience of engineers 
appears to prove that there is danger in using a smaller 
diameter than 6 inches, when more than one water* 
closet communicates with the drain ; and here again it 
is necessary to call attention to the mischief produced 
by the authorities of the late Board of Health, who 
originally compelled the use of 3-inch house drains — 
most of which have subsequently been removed. 
Wherever it is possible so to do, it is advisable to 
give pipe drains a fall of 1 in 48 ; but under extra- 
ordinary circumstances, and with a very good supply 
of water, a maximum inclination of 1 in 80 may be 
admitted for a 6-inch drain. *It is to be observed, 
however, that these great inclinations are required, 
rather for the purpose of preventing the accumulation 
of deposit of a bulky and light nature, than of prevent- 
ing the deposition of heavier matters ; for a velocity of 
about 2i to 3 feet per second will suffice to carry for- 
ward the matters ordinarily suspended in the waters of 
large sewers. Moreover, as the house drains fall into 
the sewers at a level which is only 1 foot above that of 
the axis of the invert (as a general rule), the rapid fall 
above described is required in order to protect the 
basements of houses from being flooded by any 
accidental accumulation of storm waters in the sewers. 

304. One of the most important precautions to be 
observed in the execution of a system of house drainage 

IS that means should be adopted to pieNent the escape 
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of foul air from the drains into the houses. All the 
descending pipes leading to the drains must be care- 
fully trapped; but as the 'foul air would force its way 
into the rooms, through almost any description of trap, 
unless an escape be provided for it without the house, 
it is equally essential to provide an outlet for the 
gases of the drains. One of the most satisfactory modes 
of efifecting this object is to connect a closely fitting 
rain-water pipe, finishing at a level higher than any 
portion of the inhabited part of the house, with the 
drains. In positions wherein the sewers are exposed 
to be tide-locked, it is more than usually necessary to 
observe the precautions above alluded to with respect 
to their ventilation. 

306. In addition to the remarks above made (§ 305.), 
on the transverse section to be given to a sewer, it may 
be added that the longitudinal fall must be at least 
such as to ensure a minimum velocity, in the water 
flowing in it, of 2 feet 6 inches per second upon the 
frictional surface. According, therefore, to the known 
laws of hydrodynamics, the larger the sewer, the less 
may be its inclination; but practically it is found 
advisable to limit the longitudinal inclination of the 
submain sewers to 1 in 240. If it should be necessary 
to adopt a slighter inclination than this, it would be 
necessary to construct a number of side entrances, and 
even to provide flushing gates, in order to remove any 
accumulation of the solid matters which find their way 
into the sewers : and that there is danger from this 
source must be evident, on reflection, from the fact that 
in the London sewers even, where the flow of water is 
so enormous, there is at least 1 ton of manure suspended 
in every 266 tons of water, according to the calculations 
of Mr, \yicksteed ; and Mr. Austin said, in his evidence 
before the Commission on ih^ H^^Mcl Q»i ^<5r^rcia.>*Cifi>s^ 
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the proportion of solids to liquids in sewers varies from 
1 in 96 to 1 in 86 ; and that from 1 to 66 or 1 in 80 
is the smallest proportion 'consistent with an easy 
maintenance of the cleanliness of the sewers. Mr. 
Wicksteed, in one of his valuable Beports, laid down 
some practical rules on the subject of the inclination 
of sewers which perhaps it may be advisable to insert 
here, as the results obtained by a capable observer from 
a very extended practice* After stating that in his 
opinion no house drains should be made less than 
6 inches in diameter, and that no combined back drains 
should ever be made less than 9 or 12 inches in 
diameter, he observed that a velocity of 180 feet per 
minute, or 3 feet per second, would suf&ce to remove 
the deposit of large sewers, but that a velocity of 
220 feet per minute was required in pipe drains. He 
gave' the following table of the diameters of circular 
sewers, with the velocities, and the gradients necessary 
to keep them clear : — 
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It will be observed that the velocities considered by 
Mr. Wicksteed to be desirable are greater than those 
admitted by other engineers; but the inconvenience 
produced by the stoppage of sewers is so great, that it 
certainly would be preferable to err upon the safe side 
and to adopt the greater inclinations. 

306. In concluding this portion of the Eudiments of 
Hydraulic Engineering, it may be advisable to repeat 
what has been in fact akeady frequently mentioned in 
the text, viz. that there are no invariable or inflexible 
laws with respect to the application of the abstract 
theoretical principles upon which the science itself is 
founded. Local circumstances must always be taken 
seriously into consideration, and must be allowed their 
due weight, previously to deciding upon the details of 
any works for the purposes of drainage, irrigation, water 
supply, or sewerage. But after all, it will be necessary 
to refer constantly to the general scientific laws ascer- 
tained by the observations and experiments of engineers 
and philosophers ; and these laws are, unfortunately, 
very different indeed from the crude fancies of the so- 
called sanitary reformers, who have lately presumed to 
throw doubts upon the observations of their prede- 
cessors, without being able themselves even to observe 
correctly. The best remedy to the evil produced by 
this official empiricism will be found in the study of the 
great masters of the science of hydraulics ; and for this 
purpose the reader is referred to the list of the most 
esteemed authors on that science, which will be found 
at the end of this series of Budimentary Treatises. 
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&c., Treatise on the, by Joseph Glynn, ¥ .B..^., ^."^i. * • ^ ^ 



RUDIMENTAEY SERIES. 



83. BOOK-KEBPIXQ, Treatise on, by James Haddon, M.A., 2nd edition. 1j 
82**, 83*, 83 {bis). COAL GAS, Practical Treatise on the Manufecture 

and Distribution of, by Samuel Hughes, C.E., 3 vols. . , • 3j 
82***. WATER WORKS FOR THE SUPPLY OF CITIES AND 
TOWNS, Treatise on, with Description of Works which have been 
Executed, and on Pumping from Wells, by Samuel Hughes, F.Q-.S., 

C.E., treble volume Zi 

83**. CONSTRUCTION OF LOCKS, Treatise on the, with illustrations U. 6d 
83 (*w). PRINCIPLES OF THE FORMS OF SHIPS AND BOATS, 

by W. Bland, 2nd edition 1^ 

84. ARITHMETIC, Elementary Treatise on, the Theory, and numfirouB 

Examples for Practice, and for Self-Examination, by Prof, J. B. 

Young 1«. 6i 

84*. KEY to the above, by the same Im.66 

85. EQUATIONAL ARITHMETIC : Questions of Interest, Annmties, 

and General Commerce, by W. Hipsley, 2nd edition . . • li 
85*. Supplementary Yol. to the above, containing Tables for the Gkkula- 
tion of Simple Interest, together with Logarithms for Compound 
Interest and Annuities, &c., &c., by W. Hipsley , . . .It 

86. 87. ALGEBRA, Elements of, for the use of Schools and Belf- 

Instruction, by James Haddon, M.A., 2 vols 2i 

86*, 87*. ELEMENTS OF ALGEBRA, Key to the, by Prof. Young . 1#. 6d 
88, 89. GEOMETRY, Principles of, by Henry Law, C.E., 2 vols. . . 2j 

90. GEOMETRY, ANALYTICAL, by James Hann h 

91, 92. PLAIN AND SPHERICAL TRIGONOMETRY, Treatises on, by 

the same, 2 vols • 2i 

93. MENSURATION, Elements and Practice of, by T. Baker, C.E. , . 1j 

94, 95. LOGARITHMS, Treatise on, andlTables for facilitating Nantioal, 

Trigonometrical, and Logarithmic Calculations, by H. Law, CJE., 
2 vols. .Si 

96. POPULAR ASTR0N01\[Y, Elementary Treatise on, by the Ber- 

Robert Main, M.R.A.S . . . l4 

97: STATICS AND DYNAMICS, Principles and Practice of, by T. 

Baker, C.E h 

98, 98*. MECHANISM AND PRACTICAL CONSTRUCTION OF MA- 
CHINES, Elements of, by the same, 2 vols, in I, with Additions 2f. 6d 

99, 100. NAUTICAL ASTRONOMY AND NAVIGATION, Theory and 

Practice of, by Prof .Young. 2 vols.in 1. (TABLES additional, U. 6d,) 2i 

101. DIFFERENTLiL CALCULUS, by W. S. B. Woolhouse,-F.B.A.S. U 
101*. WEIGHTS AND MEASURES OF ALL NATIONS; comprising 

full information of Distances, Weirfits, Coins, and the variooa 
Divisions of Time, on Rates of Exchange, &c., by W. S. B. 
Woolhouse, F.R.A.S 1«. (M 

102. INTEGRAL CALCULUS, by Homersham Cox, M. A. . . . li 

103. INTEGRAL CALCULUS, CoUection of Examples of the, by James 

Hann h 

104. DIFFERENTIAL CALCULUS, Collection of Examples "of the, by 

J. Haddon, M.A ,' , . 1j 

105. ALGEBRA, GEOMETRY, AND TRIGONOMETRY, First Mnemoni- 

cal Lessons in, by the Rev. Thomas Penyngton Kirkman, M.A. U, (M 

106. SHIPS' ANCHORS FOR ALL SERVICES, Rudimentary and Com- 

prehensive, by George Cotsell, upwards of 100 illustrations . 1*. 6d 

107. METROPOLITAN BUILDINGS ACT, passed August, 1855, iwth 

Notes 2s, 6a 



